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ABSTRACT 

The o b j e c t i v e s  o f  t h i s  r e p o r t  a r e  t w o f o l d :  1) t o  
d . e sc r ibe  t h e  work t h a t  h a s  been  accomplished.  d u r i n g  t h e  p a s t  two 
y e a r s  i n  a n  ongoing e f f o r t  t o  deve lop  a human s t a n d a r d s  d a t a  
b a s e  a n d  d a t a  h a n d l i n g  system f o r  manned s p a c e  f l i g h t  programs;  
and  2) s i n c e  t h i s  r e p r e s e n t s  a n  e x t e n s i v e  u n d e r t a k i n g  which 
is  f a r  f rom b e i n g  completed,  t o  d e s c r i b e  a n  approach  by which it 
i s  b e l i e v e d  t h a t  s t a n d a r d s  can be more f u l l y  deve loped  and u t i l i z e d .  
T h i s  b e g i n s  by d e s c r i b i n g  l i m i t a t i o n s  of c u r r e n t l y  a v a i l a b l e  s t a n d a r d s  
and  i n d i c a t e s  why i t  i s  impor t an t  t o  d e v e l o p  a more comprehensive 
s e t  of s t a n d a r d s .  D e f i n i t i o n s  of what is meant by human s t a n d a r d s  
a r e  t h e n  p r e s e n t e d .  With t h i s  a s  background,  a h y p o t h e t i c a l  
example is g i v e n  t o  i l l u s t r a t e  how t h e  s t a n d a r d s  c o u l d  be  used ,  
assuming t h e y  e x i s t e d .  i n  t he  form d e s c r i b e d  i n  t h i s  r e p o r t .  And 
f i n a l l y ,  s i n c e  t h e r e  a r e  s t i l l  many problems t o  be r e s o l v e d  i n  
t h e  development  and  main tenance  o f  such  a d a t a  b a s e  and  d a t a  
h a n d l i n g  sys tem,  recommendations a r e  p r o v i d e d  which i n d i c a t e  how 
t h e  a u t h o r  b e l i e v e s  t h e s e  s h o u l d  be r e s o l v e d .  
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P r e I'ace 
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Summarv and Recommendations 

T h i s  r e p o r t  summarizes:  1) t h e  work t h a t  has been  
accompl ished  d u r i n g  t h e  past  two y e a r s  i n  an ongoing  e f f o r t  t o  
deve lop  a human s t a n d a r d s  da ta  b a s e  and da ta  h a n d l i n g  s y s t e m  f o r  
u se  i n  manned s p a c e  f l i g h t  programs;  and 2 )  t o  s u g g e s t  an approach  
by  which i t  i s  b e l i e v e d  t h a t  t h e  e f f o r t  c o u l d  b e  b r o u g h t  t o  
s u c c e s s f u l  f r u i t i o n .  

T h i s  e f f o r t  was o r i g i n a l l y  u n d e r t a k e n  by Bellcomm i n  
r e s p o n s e  t o  t h e  need  f o r  human s t a n d a r d s  t o  b e  i n c l u d e d  or r e f e r e n c e d  
i n  Apo l lo  Program s p e c i f i c a t i o n s .  S i n c e  no  s u i t a b l e  s o u r c e s  were 
a v a i l a b l e ,  t h e  i n i t i a l  work c o n s i s t e d  of s y s t e m a t i c a l l y  c o l l e c t i n g  
and p r e s e n t i n g  unde r  one c o v e r  t h e  s t a n d a r d s  which are  b e i n g  used  
i n  t h e  program b u t  which e x i s t  i n  l i t e r a l l y  hundreds  o f  Apo l lo  
s p e c i f i c a t i o n s ,  r e s e a r c h  s t u d i e s  r e l a t e d  t o  t h e  program, and  o t h e r  
l ess  a c c e s s i b l e  s o u r c e s .  T h i s  document,  e n t i t l e d  Human S t a n d a r d s  
for Apollo i s  i n  t h e  second  s t a g e  o f  i t e r a t i o n  a t  t h e  p r e s e n t  
t i m e  and s t i l l  r e q u i r e s  much a d d i t i o n a l  data and r e f i n e m e n t  b e f o r e  
a s a t i s f a c t o r y  r e f e r e n c e  document f o r  human s t a n d a r d s  may b e  s a i d  
t o  e x i s t .  Although t h e  o r i g i n a l  i n t e n t  i n  t h e  p r e p a r a t i o n  o f  t h i s  
document was t o  p r o v i d e  a u s e f u l  r e f e r e n c e  s o u r c e  f o r  t h e  r e m a i n i n g  
phases  o f  t h e  Apol lo  program,  t h e  advanced s t a g e s  o f  t h e  program 
make i t  u n l i k e l y  t h a t  i t  w i l l  s e r v e  t h i s  p u r p o s e .  I n s t e a d ,  i t  i s  
b e i n g  used  as a t e s t  b e d  f o r  o r g a n i z i n g  and e v a l u a t i n g  t h e  s t a n d -  
ards da ta  which are a v a i l a b l e  t o  t h e  manned s p a c e  f l i g h t  program 
as a whole.  P r e l i m i n a r y  a n a l y s i s  o f  t h e  data which has been  
c o l l e c t e d  s u g g e s t s  t h a t  t h e r e  are  many l i m i t a t i o n s  i n  t h e  a v a i l a b l e  
s t a n d a r d s ,  and a l t h o u g h  much o f  t h i s  can be a t t r i b u t e d  t o  t h e  l a c k  
o f  s u i t a b l e  r e s e a r c h  and f l i g h t  e x p e r i e n c e  w i t h  which t o  g e n e r a t e  
s t a n d a r d s ,  much o f  i t  i s  a l s o  due t o  a l a c k  o f  any s y s t e m a t i c  
a t t e m p t s  t o  r educe  t h e  data  which i s  a v a i l a b l e  t o  a form u s e f u l  f o r  
d e s i g n  and o p e r a t i o n a l  p l a n n i n g  p u r p o s e s .  

Because of t h e  problems i n  t h e  a v a i l a b i l i t y  and  adequacy 
o f  e x i s t i n g  s t a n d a r d s  data and t h e  impor t ance  o f  h a v i n g  such  a 
da t a  base a v a i l a b l e  for f u t u r e  manned s p a c e  f l i g h t  p rograms ,  a 
Human S t a n d a r d s  Working Group has been  o r g a n i z e d  b y  Space  Medicine 
( M M )  o f  t h e  O f f i c e  o f  Manned Space F l i g h t ,  NASA. Members o f  t h i s  
group i n c l u d e  p e r s o n n e l  f rom M M ,  M S C ,  Lovelace  F o u n d a t i o n ,  Harvard  
U n i v e r s i t y ,  and Bellcomm. The immediate o b j e c t i v e s  o f  t h i s  group 
a r e  t o  deve lop  t h e  b e s t  s t a n d a r d s  p o s s i b l e  i n  some o f  t h e  more 
c r i t i c a l  areas u s i n g  a l l  of t h e  r e s e a r c h  and manned f l i g h t  da ta  
a v a i l a b l e .  T h e s e  areas have t o  do p r i m a r i l y  w i t h  t h e  s p e c i f i c a t i o n  
of  a c c e p t a b l e  p h y s i o l o g i c a l  and pe r fo rmance  t o l e r a n c e s  t o  t h e  
v a r i o u s  p h y s i c a l  e n v i r o n m e n t a l  h a z a r d s  of s p a c e  f l i g h t .  Many o t h e r  
areas a r e  i m p o r t a n t  t o o ,  as t h e  t e x t  o f  t h i s  r e p o r t  i n d i c a t e s ,  
b u t  t h e  magnitude o f  t h i s  s t a n d a r d s  e f f o r t  r e q u i r e s  t h a t  a v a i l a b l e  
r e s o u r c e s  b e  used  as e x p e d i t i o u s l y  as p o s s i b l e .  
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The o b j e c t i v e s  o f  t h i s  r e p o r t  a r e  t o  d e s c r i b e  an  approach  
which,  if f o l l o w e d ,  s h o u l d  r e s u l t  i n  a workable  human s t a n d a r d s  
data  base and  data  h a n d l i n g  system. T h i r  app roach  i s  d e s c r i b e d  b y  
assuming t ha t  t h e  s t a n d a r d s  data  base i s  i n  e x i s t e n c e  and 
i n d i c a t i n g  how i t  would be used .  B a s i c a l l y ,  t h i s  i s  as fo l1cJws:  

1. The human involvement  i n  a p a r t i c u l a r  manned s p a c e  
f l i g h t  m i s s i o n  and system i s  d e t e r m i n e d  i n  t e r m s  o f :  
( a )  t h e  e n v i r o n m e n t a l  c o n d i t i o n s  and t h e i r  p a r a m e t e r s  
t o  which man c o u l d  conce ivab ly  be exposed ,  ( b )  t h e  
t y p e s  o f  per formances  o r  d u t i e s  and tasks t h e  crew 
would b e  e x p e c t e d  t o  perform, and ( c )  t h e  hardware  
( s u c h  as c o n t r o l s  and d i s p l a y s )  or o t h e r  crew equipment  
( s u c h  as s p a c e s u i t s ,  e t c . )  w i t h  which t h e  crew i n t e r a c t s  
or i s  dependent  upon d u r i n g  t h e  f l i g h t .  (De ta i l ed  
c l a s s i f i c a t i o n s  o f  t h e s e  t h r e e  s e t s  o f  i tems w i l l  be 
found i n  Appendices  A ,  B ,  and C ,  r e s p e c t i v e l y ,  o f  t h i s  
r e p o r t .  ) 

2 .  The human involvement  i s  t h e n  r e l a t e d ,  by means o f  
a se t  o f  m a t r i c e s ,  t o  t h e  a n t h r o p o m e t r i c ,  p h y s i o l o g i c a l ,  
and per formance  c a t e g o r i e s  and p a r a m e t e r s  (i. e . ,  t h e  
human s t a n d a r d s  c a t e g o r i e s )  t o  d e t e r m i n e :  ( a )  what 
s h o u l d  b e  c o n s i d e r e d  about  man d u r i n g  t h e  d e s i g n ,  and  
( b )  t o  l o c a t e  t h e  r e l e v a n t  da t a  w i t h i n  t he  s t a n d a r d s  
data base.  ( T a b l e  4 i n  t h e  t e x t  i l l u s t r a t e s  t h e s e  
m a t r i c e s . )  

3 .  The r e l e v a n t  s e c t i o n ( s )  o f  t h e  s t a n d a r d s  i s  t h e n  c o n s u l t e d  
t o  d e t e r m i n e :  a )  what t h e  s t a n d a r d s  a re ,  and b )  t h e  
a s sumpt ions  and c o n s t r a i n t s  p e r t i n e n t  t o  t h e  i n t e r p r e -  
t a t i o n  and a p p l i c a t i o n  o f  t h e  data .  Some b r i e f  examples  
a r e  p r o v i d e d  t o  i n d i c a t e  how t h e  c o n t e n t  o f  t h e  human 
s t a n d a r d s  i s  o r g a n i z e d  and p r e s e n t e d .  (These examples  
are i l l u s t r a t e d  i n  F i g u r e s  3 t h r o u g h  9 and T a b l e  7 i n  
t h e  t e x t . )  

4 .  S i n c e  t h e  human d a t a  may  n o t  a l w a y s  b e  i n  a form t h a t  i s  
d i r e c t l y  u s a b l e  by d e s i g n  p e r s o n n e l ,  an a d d i t i o n a l  s e t  o f  
m a t r i c e s  i s  p r o v i d e d  which i nd ica t e s  how t h e  human data can  
b e  t r a n s l a t e d  i n t o  des ign  c r i t e r i a ;  f o r  example,  t h e  u s e  
of  human v i s u a l  a c u i t y  s t a n d a r d s  as c r i t e r i a  f o r  t h e  
d e s i g n  o f  d i s p l a y s .  (Tab le  6 i n d i c a t e s  how one might go 
from t h e  human s t a n d a r d s  data t o  t h e  d e s i g n ,  or more 
g e n e r a l l y ,  t h e  " a p p l i c a t i o n s  s t a n d a r d s "  s i n c e  crew ope ra -  
t i o n s ,  s e l e c t i o n  and t r a i n i n g ,  and crew compos i t ion  
c r i t e r i a  are i n v o l v e d  i n  a d d i t i o n  t o  t h e  hardware or d e s i g n  
c r i t e r i a .  D e t a i l e d  l i s t s  of  t h e  c a t e g o r i e s  w i t h i n  t h e  

eluded i n  Appendices D and E r e s p e c t i v e l y ) .  
;-,-umaii bt8iic;iai-.ds t h e  aFp14catioi-*s are l z -  
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5 .  F i n a l l y ,  s i n c e  t h e  t y p e  of data base and data h a n d l i n g  
system which i s  d e s c r i b e d  b y  means o f  t h i s  h y p o t h e t i c a l  
example e x i s t s  i n  o n l y  b i t s  and p i e c e s  a t  t h e  p r e s e n t  t i m e ,  
a ser ies  o f  recommendations are p r o v i d e d  which i n d i c a t e  
how the  a u t h o r  b e l i e v e s  t h a t  t h i s  e f f o r t  c o u l d  b e  
s u c c e s s f u l l y  comple ted  u s i n g  an  i n c r e m e n t a l  approach  and 
f u l l y  u t i l i z i n g  t h e  e x i s t i n g  data and f a c i l i t i e s  w i t h i n  
NASA and DOD as b u i l d i n g  b l o c k s .  

Because t h e s e  recommendations are c r u c i a l  t o  t h e  
s u c c e s s  o f  any f u t u r e  work d e v o t e d  t o  t h i s  s u b j e c t ,  t h e y  are  
summarized h e r e  (page  r e f e r e n c e s  are p r o v i d e d  f o r  e a c h  recom- 
mendat ion  so  t h a t  reader  may l o c a t e  d e t a i l e d  mater ia ls  w i t h i n  
t h e  t e x t  p e r t i n e n t  t o  e a c h  o f  t h e  r ecommenda t ions ) :  

1. Coverage o f  t h e  S t a n d a r d s  

a.  A t t e n t i o n  s h o u l d  b e  g i v e n  f i r s t  to t h e  development  
o f  human s t a n d a r d s  d e a l i n g  d i r e c t l y  w i t h  t h e  u s e ,  
p r o t e c t i o n ,  and s u p p o r t  o f  f l i g h t  crew p e r s o n n e l  
s i n c e  t h i s  i s  an area i n  which t h e  g r e a t e s t  n e e d  f o r  
s t a n d a r d s  e x i s t s  a t  t h e  p r e s e n t  t i m e  ( p p .  56-58, 
8-18, Appendix D). 

b .  Once t hese  human s t a n d a r d s  have  been  deve loped ,  
t h e y  s h o u l d  b e  t r a n s l a t e d  i n t o  a form ( i . e . ,  t h e  
a p p l i c a t i o n s  s t a n d a r d s )  t h a t  i s  d i r e c t l y  r e l a t e d  
t o  t h e  d e s i g n  and o p e r a t i o n  o f  sys t ems  and  equipment  
on which t h e  f l i g h t  crew are  dependent  ( e . g . ,  
e n v i r o n m e n t a l  c o n t r o l  s y s t e m s ,  c o n t r o l s  and d i s p l a y s ,  
e t c . )  (pp .  57-58, 49-54,  Appendix E). 

c .  A s  t h e  u s e f u l n e s s  o f  t h e  s t a n d a r d s  f o r  d e s i g n  
p u r p o s e s  i s  d e m o n s t r a t e d  t h e y  s h o u l d  b e  f u r t h e r  
expanded to i n c l u d e  t h e  d e s i g n  and o p e r a t i o n  o f  
o t h e r  man-machine sys t ems  and f a c i l i t i e s  w i t h i n  
NASA ( e . g . ,  c o n t r o l  c e n t e r s ,  b o o s t e r  v e h i c l e s  and 
t h e i r  a s s o c i a t e d  checkou t  and h a n d l i n g  equ ipmen t ,  
l aunch  f a c i l i t i e s ,  e t c . ) .  Other  work r e l a t e d  t o  
these  areas i s  n o t e d  i n  t h e  t e x t  and  recommendat ions 
are made ( see  I t e m  5 be low)  f o r  i n t e g r a t i n g  t h e s e  
e f f o r t s  w i t h i n  an  o v e r a l l  framework such  as t h e  
one d e s c r i b e d  i n  t h i s  r e p o r t  (pp .  57-58, 2 - 4 ) .  
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2 .  F o r m a t t i n g  and Index ing  t h e  S t a n d a r d s  

S i n c e  t h e  c o n c e p t s  d e s c r i b e d  i n  t h i s  r e p o r t  r e p r e s e n t  
o n l y  t h e  b e g i n n i n g s  o f  a workable  da t a  s t o r a g e  and  r e t r i e v a l  s y s t e m ,  
t h e  f o l l o w i n g  recommendations a r e  o f f e r e d  i n  t h i s  regard:  

a .  

b .  

C .  

T e r m s  ( i . e . ,  d e s c r i p t o r s )  f o r  i d e n t i f y i n g  and  
d e s c r i b i n g  human invo lvemen t  ( e . g . ,  e n v i r o n m e n t a l  
c o n d i t i o n s ,  crew p e r f o r m a n c e s ,  and equipment  and 
f a c i l i t i e s  w i t h  which t h e  crew i n t e r f a c e s  or 
i n t e r a c t s )  i n  manned s p a c e  f l i g h t  s y s t e m s  and 
m i s s i o n s  must be f u r t h e r  deve loped  and r e f i n e d  
s o  t h a t  d e s i g n e r s  and  o p e r a t i o n a l  p e r s o n n e l  
( i . e . ,  t h e  u s e r s  o f  t h e  s t a n d a r d s )  may s y s t e m a t i -  
c a l l y  and  tho rough ly  d e t e r m i n e  what must b e  
c o n s i d e r e d  about  man f o r  t h e  d e s i g n  o f  a p a r t i -  
c u l a r  s y s t e m  p e r f o r m i n g  a s p e c i f i c  m i s s i o n  ( p p .  
58-59, 27-33, Appendices A - C ) .  

I n  a d d i t i o n  to t h e  terms f o r  c l a s s i f y i n g  human 
invo lvemen t ,  means must be  deve loped  f o r  i d e n t i f y i n g  
and m a n i p u l a t i n g  t h e  many i n t e r a c t i o n s  between 
human, equipment and  e n v i r o n m e n t a l  v a r i a b l e s  t h a t  
are  i n v o l v e d  i n  t h e  d e s i g n  and  o p e r a t i o n  o f  these 
s y s t e m s .  The m a t r i c e s  p r o v i d e d  i n  t h i s  r e p o r t  are 
o n l y  a b e g i n n i n g  i n  t h i s  d i r e c t i o n  ( p .  59,  
Pa rag raph  4 ,  27-33, Appendices  A - C )  . 
The s t a n d a r d s  must be p r e s e n t e d  i n  a form ( q u a n t i -  
t a t i v e ,  wherever  p o s s i b l e  and r e l e v a n t )  which i s  
d i r e c t l y  r e l a t e d  t o  d e s i g n  and o p e r a t i o n a l  n e e d s .  
For example,  as a l r e a d y  n o t e d ,  t h e  da ta  a b o u t  t h e  
v i s u a l  c a p a b i l i t i e s  o f  man are n e c e s s a r y  t o  c o n s i d e r ,  
b u t  t h e y  are n o t  v e r y  u s e f u l  u n t i l  t h e y  are t r a n s -  
l a t ed  i n t o  c r i t e r i a  f o r  t h e  d e s i g n  o f  d i s p l a y s ,  
c a b i n  windows, e t c .  S i m i l a r l y ,  t h e  oxygen re- 
q u i r e m e n t s  of  man are a l s o  c r i t i c a l ,  b u t  these 
must be t r a n s l a t e d  i n t o  e n v i r o n m e n t a l  c o n t r o l  
s y s t e m  d e s i g n  c r i t e r i a  b e f o r e  t h e y  are u s e f u l  t o  
t h e  d e s i g n e r  ( p .  59,  Paragraph 3 ,  49-52,  Appendix E ) .  

3. P r o c e s s i n g  o f  t h e  S t a n d a r d s  

a. S i n c e  s t a n d a r d s  data  by t h e m s e l v e s  are u s e l e s s  u n l e s s  
means are p rov ided  f o r  g e t t i n g  up- to-da te  data i n t o  
t h e  data base on t h e  one hand,  and g e t t i n g  them i n t o  
t h e  hands of t h e  u s e r  on t h e  o t h e r ,  e q u a l  a t t e n t i o n  
s h o u l d  be g i v e n  to t h e  development  o f  a data h a n d l i n g  
s y s t e m  and t h e  d a t a  base.  The t e x t  o f  t h e  r e p o r t  
d e s c r i b e s  t h e  basic  r e q u i r e m e n t s  f o r  s u c h  a s y s t e m  
(pp .  60-61) .  

- 
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b .  Compute r i za t ion  o f  t h e  s t a n d a r d s  r e p r e s e n t s  one 
approach  t o  t h e  h a n d l i n g  o f  t h e  s t a n d a r d s ;  however,  
t h e r e  a r e  many c o n s i d e r a t i o n s  i n v o l v e d  i n  d e c i d i n g  
t o  f o l l o w  t h i s  approach .  S e v e r a l  d e t a i l e d  re-  
commendations are  o f f e r e d  i n  t h e  t e x t  w i t h  r e s p e c t  
t o  d e c i d i n g  when and how much o f  t h e  s t a n d a r d s  
data base might b e  compute r i zed ,  i n c l u d i n g  b o t h  
t e c h n i c a l  and m a n a g e r i a l  c o n s i d e r a t i o n s  ( p p .  6 2 - 6 4 ) .  

4 .  I n c r e m e n t a l  Development of t h e  S t a n d a r d s  

a .  Because o f  t h e  magnitude of t h e  e f f o r t  i n v o l v e d  t o  
deve lop  a t r u l y  comprehensive s o u r c e  o f  s t a n d a r d s  
( and  t o  keep i t  u p d a t e d ) ,  i t  i s  recommended t h a t  
a n  i n c r e m e n t a l  approach  b e  f o l l o w e d .  Areas which 
are  o f  g r e a t e s t  conce rn  s h o u l d  b e  deve loped  f i r s t ,  
b o t h  t o  make them a v a i l a b l e  for d e s i g n e r s  and t o  
assess t h e  f e a s i b i l i t y  o f  t h e  approach  t h a t  i s  used  
t o  deve lop  and document them ( p p .  60-62) .  

5 .  C o o r d i n a t i o n  o f  t h e  Human S t a n d a r d s  w i t h  O the r  Data and 
Data Handl ing  Requi rements  i n  NASA and DOD 

a. S i n c e  t h e  human s t a n d a r d s  data base and data h a n d l i n g  
s y s t e m  d e s c r i b e d  i n  t h i s  r e p o r t  r e p r e s e n t s  on ly  a 
p o r t i o n  o f  t h e  t o t a l  data  and data  h a n d l i n g  r e q u i r e -  
ments i n v o l v e d  i n  any complex d e s i g n  program, i t  i s  
recommended t h a t  o t h e r  f a c i l i t i e s  w i t h i n  NASA b e  
examined f o r  p o s s  i b  i l i t i e s  o f  combining development  a1  
e f f o r t s  and u t i l i z a t i o n  ( p p .  64 ,  2 - 3 ) .  

b .  Also, as n o t e d  i n  t h e  e a r l y  pa r t  o f  t h e  r e p o r t ,  
s i n c e  t h e r e  a re  o t h e r  p r o j e c t s  w i t h i n  NASA and DOD 
which are a t t e m p t i n g  t o  accompl i sh  a t  l e a s t  p o r t i o n s  
o f  t h e  e f f o r t  d e s c r i b e d  here ,  c a r e f u l  c o n s i d e r a t i o n  
s h o u l d  b e  g i v e n  t o  t h e  u t i l i z a t i o n  o f  t hese  r e s o u r c e s .  
Using a l l  o f  t h e  r e s o u r c e s  a v a i l a b l e  i n  a c o o p e r a t i v e  
f a s h i o n  would be  e x p e c t e d  t o  more n e a r l y  accompl i sh  
t h e  j o b  t h a n  i f  p i e c e m e a l  approaches  are, f o l l o w e d  
(pp .  6 4 ,  2 - 3 ) .  

6 .  Management o f  t h e  S t a n d a r d s  Development and Updat ing  

,a. It  i s  recommended t h a t  t h e  i n i t i a l  development  o f  t h e  
s t a n d a r d s  data  base desc r ibed  i n  t h i s  r e p o r t  b e  
hand led  by H e a d q u a r t e r s  NASA, s u p p o r t e d  by t h e  
C e n t e r s  and c o n t r a c t o r s  as a p p r o p r i a t e  ( p p .  6 4 - 6 5 ) .  
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b .  

C .  

Once t h e  s t a n d a r d s  da t a  base and h a n d l i n g  s y s t e m  
have become o p e r a t i o n a l ,  t h e n  ma jo r  r e s p o n s i b i l i t i e s  
f o r  u p d a t i n g  and r e f i n e m e n t  o f  v a r i o u s  p o r t i o n s  o f  
i t  s h o u l d  b e  d e l e g a t e d  t o  t h e  C e n t e r s  h a v i n g  t h e  
g r e a t e s t  i n t e r e s t  i n  s p e c i f i c  p o r t i o n s  o f  t h e  data  
base ( p p .  64-65).  

H e a d q u a r t e r s  N A S A  s h o u l d  c o n t i n u e  t o  e x e r c i s e  a 
c o o r d i n a t i n g  r o l e  and i n s u r e  t h a t  communication i s  
m a i n t a i n e d  between g e n e r a t o r s  and u s e r s  of t h e  da t a .  
I f  t h e  e f f e c t i v e n e s s  and e f f i c i e n c y  o f  such  a 
s y s t e m  as t h e  one d e s c r i b e d  i n  t h i s  r e p o r t  i s  t o  
be a c h i e v e d  and m a i n t a i n e d ,  i t  s h o u l d  be deve loped  
on a sound f o u n d a t i o n  i n  t h e  f i r s t  p l a c e ,  and must 
be  k e p t  i n  good working o r d e r  once i t  becomes 
o p e r a t i o n a l  ( p p .  64-65).  
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AN APPROACH TO THE DEVELOPMENT OF HUMAN STANDARDS 

FOR MANNED SPACE FLIGHT 

Background 

A v a i l a b i l i t y  o f  Human S tanda rds  f o r  t h e  Manned Space 
F l i g h t  Programs 

S i n c e  t h e  f i r s t  manned space  f l i g h t  i n  t h e  Un i t ed  S ta tes  
f i v e  years ago, t h e  programs have p r o g r e s s e d  t o  t h e  p o i n t  
where t h e  Mercury and Gemini f l i g h t s  have been s u c c e s s f u l l y  
comple ted  and t h e  Apo l lo  manned f l i g h t s  a r e  imminent .  F u r t h e r ,  
t h e  Apo l lo  A p p l i c a t i o n s  Systems are i n  advanced d e s i g n  p h a s e s  
and manned s p a c e  f l i g h t  t o  t h e  nea rby  p l a n e t s  are now i n  t h e  
c o n c e p t u a l  s t a g e s .  S i n c e  we a r e  abou t  t o  b e g i n  f l y i n g  o u r  
t h i r d  g e n e r a t i o n  of  manned v e h i c l e s ,  and c o n s i d e r a b l e  man- 
r e l a t e d  data has been c o l l e c t e d  f rom t h e  Mercury and Gemini 
Programs, t h i s  i s  an  a p p r o p r i a t e  t i m e  t o  b e g i n  t h e  development 
of a human f a c t o r s  data b a s e  and data h a n d l i n g  s y s t e m  f o r  
a p p l i c a t i o n  t o  t h e  f u t u r e  sys t ems .  A d d i t i o n a l  de lay  i s  n o t  
j u s t i f i e d  f o r  t h e  f o l l o w i n g  r easons :  

( a )  f u t u r e  g e n e r a t i o n s  of manned s p a c e f l i g h t  s y s t e m s  
r e q u i r e  t h i s  i n f o r m a t i o n  now i n  o r d e r  t o  have a 
s i g n i f i c a n t  impact  on t h e i r  d e s i g n ,  

( b )  t h e r e  i s  no e a s i l y  a c c e s s i b l e ,  comprehensive s o u r c e  
of  human standards d a t a  a v a i l a b l e  now, 

( c )  as sys t ems  evo lve  t h r o u g h  s u c c e e d i n g  g e n e r a t i o n s ,  
i t  becomes p o s s i b l e  t o  s t a n d a r d i z e  many t h i n g s  i n  
t h e  system, hence  i n t r o d u c i n g  economies i n t o  t h e  
d e s i g n  p r o c e s s ,  

( d )  there  i s  c u r r e n t l y  no s y s t e m a t i c  way o f  i d e n t i f y i n g  
gaps i n  o u r  r e s e a r c h  knowledge a t  t he  p r e s e n t  t i m e ;  
and 

( e )  t h e  a v a i l a b i l i t y  o f  a human s t a n d a r d s  data b a s e ,  
a l t h o u g h  as proposed  here t o  be l i m i t e d  i n i t i a l l y  
t o  s p a c e c r a f t ,  crew s y s t e m s ,  and f l i g h t  c rews ,  
has c o n s i d e r a b l e  u t i l i t y  f o r  t h e  d e s i g n  o f  o t h e r  
man-machine sys t ems  re la ted t o  s p a c e  f l i g h t  
ground s u p p o r t  a c t i v i t i e s .  
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The pr imary  o b j e c t i v e  of t h e  p r o j e c t ,  t o  b e  d e s c r i b e d  i n  
t h i s  r e p o r t ,  t h e r e f o r e ,  i s  t o  o r g a n i z e  t h e  i n f o r m a t i o n  which  
now e x i s t s  or i s  b e i n g  g e n e r a t e d  abou t  t h e  u s e ,  s u p p o r t ,  and 
p r o t e c t i o n  o f  man t o  i n c r e a s e  i t s  a v a i l a b i l i t y  t o ,  and t o  
e n s u r e  i t s  use  i n  t h e  d e s i g n  of f u t u r e  manned s p a c e  f l i g h t  
s y s t e m s .  Emphasis i s  p l a c e d  on b o t h  t h e  development  o f  a 
data  b a s e  and a data  h a n d l i n g  sys t em.  

NASA and DOD which are conce rned  w i t h  t h e  h a n d l i n g  o f  data o f  
t h i s  t y p e .  No @ne o f  t h e s e ,  i n  t h e  e s t i m a t i o n  o f  t h e  
a u t h o r ,  i n d i v i d u a l l y  meet t h e  t o t a l  r e q u i r e m e n t s  f o r :  

There  a r e  a number of  a c t i v i t i e s  and documents w i t h i n  

( a )  comprehensive cove rage  of  all t h e  areas conce rned  
w i t h  man, 

( b )  r a p i d  u p d a t i n g  o f  t h e  da ta  i n  t h o s e  areas where 
s t a n d a r d s  are s t i l l  b e i n g  f o r m u l a t e d ,  and 

( e )  d i r e c t  a p p l i c a t i o n  t o  t h e  d e s i g n  and o p e r a t i o n a l  
r e q u i r e m e n t s  f o r  manned s p a c e f l i g h t  programs.  

However, e a c h  o f  t hese  e f f o r t s  do p r o v i d e  e s s e n t i a l  
e l e m e n t s  within t h e  t y p e  o f  da ta  base and data h a n d l i n g  s y s t e m  
t o  b e  d e s c r i b e d  i n  t h i s  r e p o r t ,  and t h e r e f o r e ,  a b r i e f  r e v i e w  
o f  some of t h o s e  t h a t  are d i r e c t l y  r e l a t e d  t o  t h i s  p r o j e c t  i s  
d e s i r a b l e .  1 

1) The A i r  F o r c e ' s  Handbook o f  I n s t r u c t i o n s  f o r  Aerospace 
P e r s o n n e l  Subsystem Des igne r s  (AFSCM 80-3, 1 9 6  ) i s  a l o o s e -  
leaf volume w i t h  a n n u a l  supp lemen t s  which b r i n g s  t o g e t h e r  a 
c o n s i d e r a b l e  amount o f  i n f o r m a t i o n  abou t  human c a p a b i l i t i e s  
and r e q u i r e m e n t s  f o r  a p p l i c a t i o n  t o  t h e  d e s i g n  and o p e r a t i o n  
o f  ae rospace  sys t ems ,  and t o  t h e  s e l e c t i o n ,  t r a i n i n g ,  and 
o r g a n i z a t i o n  o f  p e r s o n n e l .  Although much o f  t h i s  i n f o r m a t i o n  
i s  r e l e v a n t  t o  s p a c e  f l i g h t  c rews ,  t h e r e  are s t i l l  i m p o r t a n t  
gaps i n  t h e  c o n t e n t  o f  t h e  volume - some b u t  n o t  a l l  o f  which 
can  b e  a t t r i b u t e d  t o  l a c k  o f  r e s e a r c h  da t a  w i t h  which t o  
f o r m u l a t e  s t a n d a r d s .  More i m p o r t a n t l y ,  however,  these  
s t a n d a r d s  are o r i e n t e d  t o  m i l i t a r y  o p e r a t i o n s ,  where 
d i f f e r e n c e s  i n  o b j e c t i v e s  may r e q u i r e  u n c o n s e r v a t i v e  t r a d e o f f s  
which would n o t  b e  a c c e p t a b l e  i n  t h e  NASA programs.  

'See the  r e f e r e n c e  s e c t i o n  o f  t h i s  r e p o r t  f o r  a more comple t e  
l i s t i n g  of r e l e v a n t  documents and p r o j e c t s .  
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A companion s e t  o f  documents: Human E n g i n e e r i n g  Design 
Cr i te r ia  f o r  Aerospace Systems and Equipment (MIL-STD-803A-1, 
2, and 3,  1964)  are b a s i c a l l y  a b s t r a c t i o n s  o f  d e s i g n  c r i t e r i a  
from t h e  m a t e r i a l  c o n t a i n e d  i n  AFSCM-80-3 and are i n t e n d e d  f o r  
a p p l i c a t i o n  to ground s y s t e m s ,  f a c i l i t i e s ,  and a e r o s p a c e  v e h i c l e s .  
The l a s t  o f  these ,  f o r  a e r o s p a c e  v e h i c l e s ,  i s  s t i l l  i n  t h e  
p r e p a r a t i o n  s t a g e .  A document f o r  l i f e  s u p p o r t  a s p e c t s  of 
a e r o s p a c e  v e h i c l e  d e s i g n  and o p e r a t i o n  i s  a l s o  i n  t h e  p r e p a r a t i o n  
s t a g e  (P roposed  MIL-STD-853 (USAF), d r a f t  15 March 1 9 6 6 ) .  

2 )  Wi th in  NASA t h e  p r e p a r a t i o n  and subsequen t  u p d a t e s  o f  
t h e  B i o a s t r o n a u t i c s  Data Book (NASA SP-3006, 1 9 6 4 )  i s  a s i g n i f i c a n t  
e f f o r t  to c o l l e c t  under  one cover  data abou t  t h e  human b e i n g  which 
i s  d i r e c t l y  r e l a t ed  t o  t h e  u s e  and s u p p o r t  o f  man i n  s p a c e .  Most 
o f  t h e  data i s  b a s i c  t o  man and t h e r e f o r e ,  i n  most i n s t a n c e s ,  i t  
r e q u i r e s  t r a n s l a t i o n  i n t o  d e s i g n  c o n c e p t s  b e f o r e  i t  i s  u s a b l e .  
I n  a d d i t i o n  l o c a t i n g  and r e t r i e v i n g  r e l e v a n t  i n f o r m a t i o n  i s  d i f f i -  
c u l t .  And f i n a l l y ,  t h e r e  a r e  impor t an t  a r e a s  which have n o t  been  
i n c l u d e d  i n  t h e  f i rs t  e d i t i o n .  

3 )  The Marshall Space F l i g h t  C e n t e r  has developed  a s t a n d a r d  
e n t i t l e d :  Human E n g i n e e r i n g  Design Cr i te r ia  S tudy ;  F i n a l  R e p o r t ,  
MSFC-STD-267A, J a n u a r y  31,  1 9 6 6 ,  i s  i n t e n d e d  t o  p r o v i d e  human eng i -  
n e e r i n g  c r i t e r i a  f o r  a p p l i c a t i o n  t o  t h e  d e s i g n  o f  t h e  ear th  l a u n c h  
sys t ems .  Although t h i s  i s  concerned p r i m a r i l y  w i t h  t he  ground 
b a s e d  b o o s t e r  checkout  equipment ,  and ground h a n d l i n g  and f u e l i n g  
f a c i l i t i e s ,  much o f  t h e  data  has a p p l i c a t i o n s  t o  human r e q u i r e m e n t s  
f o r  t h e  f l i g h t  v e h i c l e s  and ground command and communication f a c i l i t i e s  

4 )  Also w i t h i n  NASA a computer ized  program i s  b e i n g  deve loped  
to h a n d l e  t h e  med ica l  data  t h a t  i s  b e i n g  c o l l e c t e d  from s p a c e  f l i g h t s  
and ground based  s i m u l a t o r  s t u d i e s .  T h i s  program w i l l  p r o v i d e  f o r  
t h e  s y s t e m a t i c  c o l l e c t i o n ,  p a r t i a l  r e d u c t i o n ,  and s t o r a g e  o f  t h i s  
data.  T h i s  r e p r e s e n t s  a p o t e n t i a l  s o u r c e  o f  i m p o r t a n t  s t a n d a r d s  
data f o r  i n p u t  t o  t h e  data  b a s e  d e s c r i b e d  i n  t h i s  r e p o r t .  

5 )  There  are a number o f  review r e p o r t s  and p l anned  u p d a t e s  
of e x i s t i n g  human f a c t o r s  handbooks t h a t  are r e l e v a n t  t o  t h e  r o l e  
of man i n  s p a c e .  Some of  t h e s e ,  s u c h  as t h e  r e p o r t s  on s p a c e  c a b i n  
a tmosphe res ,  con f inemen t ,  b i o e n e r g e t i c s  o f  s p a c e  s u i t s ,  e t c . ,  p r e -  
p a r e d  by t h e  Lovelace  Foundat ion ,  a r e  p a r t i c u l a r l y  r e l e v a n t .  Also ,  
t h e  r e v i s i o n  of t h e  J o i n t  S e r v i c e s  Guide o r  t h e  Human E n g i n e e r i n g  
Guide t o  Equipment Des ign ,  t o  be r e i s s u e d  i n  l a t e  1967 o r  e a r l y  1968 ,  
w i l l  c o n t a i n  more data d i r e c t l y  r e l e v a n t  t o  t h e  u s e  and s u p p o r t  o f  
man i n  s p a c e .  

6 )  C u r r e n t l y  an  e f f o r t  i s  underway w i t h i n  NASA t o  c o l l e c t  
a l l  of  t h e  human s t a n d a r d s  t h a t  a r e  b e i n g  used  i n  t h e  Apol lo  Program. 
( T h i s  w i l l  be  d i s c u s s e d  beginning  on page 5.  
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Advantages o f  I n t e g r a t e d  Human S t a n d a r d s  - 

Data Base and Data Hand l ing  Sys tem 

The advan tages  to be  g a i n e d  from h a v i n g  a v a i l a b l e  a 
comprehensive human s t a n d a r d s  da ta  base arid da t a  h a n d l i n g  
sys t em a r e  s imi l a r  to t h o s e  f o r  any o t h e r  data  r e q u i r e m e n t s  
i n  sys t em d e s i g n  and development :  i . e . ,  t h e y  h e l p  i n s u r e  
t h a t  t h e  users w i l l  o b t a i n  t h e  d a t a  t h e y  n e e d ,  when t h e y  
need  i t ,  and i n  a form most u s e f u l  t o  them. More s p e c i -  
f i c a l l y ,  t h e  a d v a n t a g e s ,  and t h e r e f o r e  t h e  o b j e c t i v e s  o f  
t h e  p r o j e c t  t o  be d e s c r i b e d  i n  t h i s  r e p o r t ,  a r e  as f o l l o w s :  

1) Prov ide  s y s t e m a t i c  c h e c k l i s t s  f o r  r a p i d  and comple t e  
i d e n t i f i c a t i o n  and r e t r i e v a l  o f  data  a b o u t  t h e  human b e i n g  
t h a t  are  r e l e v a n t  to: 

a .  t h e  d e s i g n  and o p e r a t i o n  o f  c r e w - r e l a t e d  
s p a c e c r a f t  s y s t e m s ,  

b .  t h e  development  o f  f l i g h t  crew p r o c e d u r e s  
f o r  v a r i o u s  f l i g h t  regimes, 

e .  t h e  s e l e c t i o n  and t r a i n i n g  o f  f l i g h t  c r e w s ,  
and 

d .  t h e  c o m p o s i t i o n  and o r g a n i z a t i o n  o f  t h e  f l i g h t  
c rews .  

These c h e c k l i s t s  a l s o  w i l l  a i d  i n  t h e  d e t e r m i n a t i o n  o f  
t h e  a p p r o p r i a t e  p h a s e s  i n  t h e  sys t em d e s i g n  and development  
p r o c e s s  where t h e  v a r i o u s  human data  are a p p l i c a b l e .  

2 )  P rov ide  a common s e t  o f  d e s c r i p t o r s  and f o r m a t s  s o  
t h a t  new d a t a  can  be r educed  and i n s e r t e d  i n t o  t h e  data b a s e  
i n  a form u s e f u l  t o  d e s i g n ,  o p e r a t i o n s ,  t r a i n i n g ,  and t e s t  
p e r s o n n e l .  T h i s  i s  p a r t i c u l a r l y  i m p o r t a n t  i n  such  areas as 
t h e  e f f e c t s  o f  e n v i r o n m e n t a l  s t r e s ses  on human pe r fo rmance  
and r e q u i r e m e n t s  where f l i g h t  and r e s e a r c h  da ta  i s  b e i n g  
r a p i d l y  accumulated and must b e  p r o c e s s e d  i n t o  a form u s e f u l  
f o r  d e s i g n  p u r p o s e s .  

3 )  P rov ide  a means ( i . e . ,  t h e  data  h a n d l i n g  s y s t e m )  
f o r  b r i d g i n g  t h e  data  a c c e s s i b i l i t y  and t e r m i n o l o g y  gaps 
between t h e  g e n e r a t o r s  and u s e r s  o f  human da ta .  I n  a d d i t i o n ,  
p r o v i d e  s u i t a b l e  f eedback  l o o p s  s o  t h a t  t h e  u s e r s  c a n  r e q u e s t  
changes  i n  t h e  fo rma t  or c o n t e n t  o f  t h e  human s t a n d a r d s  data  
or i n d i c a t e  r e s e a r c h  r e q u i r e m e n t s .  

method f o r  t h e  i d e n t i f i c a t i o n  o f  r e s e a r c h  and data r e d u c t i o n  
p r o b l e m s .  

4) And f i n a l l y ,  as a by -p roduc t ,  p r o v i d e  a s y s t e m a t i c  
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Accomplishments ~ i n  t h e  G e n e r a t i o n  o f  Human S t a n d a r d s  
f o r  t h e  Apol lo  Program 

The i n i t i a l  phase (Phase  1) f o r  t h e  development  o f  human 
s t a n d a r d s  f o r  t h e  Apol lo  Program h a s  a l ready  l a i d  p a r t  o f  
t h e  f o u n d a t i o n  f o r  t h e  more e x t e n s i v e  e f f o r t  t o  be  descr ibed  

c o n c e p t u a l l y  i n  t h i s  r e p o r t  .' 
of t h e  o b j e c t i v e s  and accompl ishments  t o  da t e  o f  t h i s  e f f o r t  
i s  a p p r o p r i a t e .  F i g u r e  1 summarizes t h e  work i n  p r o c e s s .  
Wi th in  t h i s  phase t h e r e  are two p a r a l l e l  e f f o r t s ;  a )  t h e  
c o l l e c t i o n  and documen ta t ion  o f  t h e  human s t a n d a r d s  b e i n g  
used  i n  t h e  Apol lo  Program, and  b) t h e  p r e p a r a t i o n  o f  human 
s t a n d a r d s  monographs i n  s e l e c t e d  areas.  Par t  "a'' i s  i n t e n d e d  
t o  a c c o m p l i s h  t h e  f o l l o w i n g  o b j e c t i v e s :  

T h e r e f o r e ,  a b r i e f  r e v i e w  

1) C o l l e c t  i n  one document t h e  s t a n d a r d s  t h a t  are 
b e i n g  u s e d  i n  t h e  Apo l lo  Program s o  t h a t  t h e y  may be  r e fe r -  
enced  i n  o t h e r  Apol lo  s p e c i f i c a t i o n s  o r  i n  r e v i s i o n s  o f  
t hese  s p e c i f i c a t i o n s .  

t h a t  a re  a v a i l a b l e  t o  manned space  f l i g h t  p rograms ,  and t h e r e b y  
i n d i c a t e :  a )  areas i n  which data a n a l y s i s  and r e d u c t i o n  i s  
s t i l l  r e q u i r e d  b e f o r e  a c c e p t a b l e  s t a n d a r d s  can  be sa id  t o  
e x i s t ,  and b )  areas i n  which f u r t h e r  r e s e a r c h  i s  r e q u i r e d .  

2 )  P r o v i d e  bases f o r  t h e  e v a l u a t i o n  o f  t h e  human s t a n d a r d s  

3 )  Lay  t h e  groundwork f o r  a more comprehens ive  program 
t o  d e v e l o p  and document human s t a n d a r d s  f o r  f u t u r e  manned 
s p a c e  f l i g h t  programs.  T h i s  o b j e c t i v e  i s  t h e  s u b j e c t  o f  t h i s  
r e p o r t .  

P a r t  "b" o f  t h i s  p r o j e c t  i s  d e v o t e d  t o  t h e  p r e p a r a t i o n  
o f  examples  o f  human s t a n d a r d s  which are a p p l i c a b l e  t o  manned 
s p a c e  f l i g h t  programs as a whole. Based on t h e  r e q u i r e m e n t s  
of  t h e  Apol lo  Program s e v e r a l  a r e a s  have  been  s e l e c t e d  f o r  
i n i t i a l  deve lopment .  These i n c l u d e  r a d i a t i o n ,  a tmosphe re ,  
a c c e l e r a t i o n ,  v i b r a t i o n ,  t h e r m o r e g u l a t i o n ,  a c o u s t i c s ,  and v i s i o n .  
These areas r e p r e s e n t ,  i n  t h e  judgement o f  N A S A  p e r s o n n e l ,  
t h o s e  areas o f  f i r s t  o r d e r  s i g n i f i c a n c e  w i t h  r e s p e c t  t o  t h e  
s t a n d a r d s  b e i n g  used  i n  t h e  Apol lo  Program. Thus,  t hese  
examples  n o t  o n l y  meet an i m m e d i a t e  need  i n  t h e  Apo l lo  Program, 
b u t  ( t o  t h e  e x t e n t  t h a t  t h e y  can b e  t h o r o u g h l y  d e v e l o p e d )  
t h e y  w i l l  a l s o  s e r v e  as models f o r  t h e  g e n e r a t i o n  

'Chambers, A .  N . ,  and Bot tomley ,  T .  A . ,  Jr., Human S t a n d a r d s  
f o r  A p o l l o ,  Bellcomm Working Pape r ,  August 1, 1 9 6 6 ,  Rev i sed  
1 March 1967. 
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of s t a n d a r d s  i n  t h e  many a d d i t i o n a l  areas t h a t  are conce rned  
w i t h  t h e  u s e ,  s u p p o r t ,  and p r o t e c t i o n  o f  man i n  manned s p a c e  
f l i g h t  s y s t e m s .  

D e f i n i t i o n s  and Concepts  

B e f o r e  c o n t i n u i n g  w i t h  t h e  approach  t o  t h i s  p r o j e c t ,  i t  
i s  d e s i r a b l e  t o  d e f i n e  and d e s c r i b e  some o f  t h e  terms and 
c o n c e p t s  t h a t  are used  i n  t h i s  r e p o r t .  S p e c i f i c a l l y ,  t h i s  
i n c l u d e s  : 

a )  what i s  meant by  s t a n d a r d s  - human s t a n d a r d s  i n  
p a r t i c u l a r ,  

b )  

e )  what a re  t h e  u s e s  o f  t h e  s t a n d a r d s ,  and 

what are  t h e  a r e a s  and  c o n t e n t  o f  human s t a n d a r d s ,  

d )  who are  t h e  u s e r s  o f  t h e  s t a n d a r d s .  

Each o f  t hese  w i l l  be d i s c u s s e d  i n  t u r n .  

D e f i n i t i o n s  o f  S t a n d a r d s  

The t e r m  s t a n d a r d ,  as g e n e r a l l y  used  i n  t h e  d e s i g n  o f  
s y s t e m s ,  has a t  l ea s t  two meanings,  a )  t h e  u t i l i z a t i o n  o f  
some p r o c e s s  o r  o b j e c t  i n  a c o n s i s t e n t  o r  r e p e t i t i o u s  manner ,  
o r  b )  t h e  u t i l i z a t i o n  and /o r  main tenance  o f  a f u n c t i o n  w i t h i n  
s p e c i f i c  b o u n d a r i e s  or r a n g e s .  For t h e  f i r s t  c a s e ,  s t a n d a r d i -  
z a t i o n  can  mean, f o r  example,  t h e  u s e  o f  t h e  same t e s t  p r o -  
c e d u r e s  t h r o u g h o u t  t h e  s y s t e m  d e s i g n  and development  p r o c e s s ,  
o r  i t  may a l s o  mean t h e  u s e  o f  t h e  same components from 
equipment  t o  equipment  or from system t o  s y s t e m .  

t h e  second  usage  i s  o f  g rea te r  s i g n i f i c a n c e  i n  c o n s i d e r i n g  
man i n  t h e  d e s i g n  o f  s y s t e m s .  Fo r  example,  t h e  p h y s i c a l  
d imens ions  o f  man e s t a b l i s h  t h e  s p a c e  r e q u i r e m e n t s  o r  bound- 
a r ies  f o r  t h e  d e s i g n  o f  s u i t s  o r  c a b i n s .  S i m i l a r l y ,  t h e  
f u n c t i o n a l  c h a r a c t e r i s t i c s  o f  man n e c e s s i t a t e  t h a t  he be 
m a i n t a i n e d  w i t h i n  c e r t a i n  p r e s c r i b e d  l i m i t s  o r  be ab le  t o  
pe r fo rm i n  a n  a c c e p t a b l e  manner .  For  example ,  man r e q u i r e s  
a c e r t a i n  amount o f  food  and oxygen f o r  b o d i l y  m a i n t e n a n c e ;  
o r  h i s  envi ronment  must be  m a i n t a i n e d  w i t h i n  c e r t a i n  
t e m p e r a t u r e  and  humid i ty  l i m i t s ,  e t c . ;  o r  he can  b e  e x p e c t e d  
t o  p e r f o r m  v i s u a l  tasks  w i t h i n  c e r t a i n  i l l u m i n a t i o n  r a n g e s ;  
or o p e r a t e  s o  many c o n t r o l s  w i t h i n  a g i v e n  p e r i o d  o f  t i m e ,  e t c .  

Al though b o t h  d e f i n i t i o n s  o f  s t a n d a r d s  are  r e l e v a n t  h e r e ,  
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C a t e g o r i e s  w i t h i n  Human - S t a n d a r d s  

The  d e f i n i t i o n  o f  human s t a n d a r d s  i n d i c a t e . ;  t h a t  b o t h  
t h e  p h y s i c a l  and f u n c t i o n a l  c h a r a c t e r i s t i c ; .  o f  man a r e  
i n v o l v e d .  It i s  c o n v e n i e n t  f o r  data  s t o r a g e  a l ? d  r e t r i e v a l  
t o  c l a s s i f y  t h e s e  i n t o  t h r e e  m a j o r  areas which a r e  more 
or l e s s  d e r i v e d  from e s t a b l i s h e d  s c i e n t i f i c  aiid t e c h n o l o g i c a l  
f i e l d s .  These a r e :  a )  a n t h r o p o m e t r y ,  b )  $n ,ys io logy  and 
med ic ine ,  and c )  psychology o r  pe r fo rmance .  A f o u r t h  
c a c e g o r y ,  p h y s i c a l  e n v i r o n m e n t s ,  a l s o  w i l l  be used  b e c a u s e  
i t  p r o v i d e s  a n o t h e r  e s s e n t i a l  a p p r o a c h  t o  t h e  r e t r i e v a l  
of data  f o r  p u r p o s e s  o f  d e s i g n .  These f o u r  c a t e g o r i e s  
may be d e f i n e d  as f0110~S: 1 

1) Anthropometr ic  S t a n d a r d s  i n c l u d e s  t h e  p h y s i c a l  
measurements o f  t h e  human body which e s t a b l i s h  t h e  s p a c e ,  
form,  movement, mass, volume, s u r f a c e ,  and s t r e n g t h  and 
endurance  e n v e l o p e s  f o r  t h e  p o p u l a t i o n  o f  i n t e r e s t ;  i n i t i a l l y ,  
for t h e  a s t r o n a u t  p o p u l a t i o n .  

These s t a n d a r d s  i n c l u d e  b o t h  measurements  for t h e  
i n d i v i d u a l  f o r  some p a r a m e t e r s  and a v e r a  es  and r a n  es  for 
t h e  unique  f l i g h t  crew c a n d i d a t e  group + or o t h e r s  +r example ,  
t h e  f i t t i n g  of a s p a c e  s u i t  r e q u i r e s  t h e  measurements of each  
p e r s o n .  Or, t h e  d e s i g n  of  a s e a t  or h a t c h  may r e q u i r e  t h e  
d imens ions  f o r  t h e  l a r g e s t  p e r s o n .  For o t h e r s ,  t h e  a v e r a g e  
may be s u f f i c i e n t ,  s u c h  as t h e  s u r f a c e  area o f  t h e  body f o r  
u se  i n  c a l c u l a t i o n  o f  r a d i a t i o n  e x p o s u r e s ,  o r  t h e  c a l c u l a t i o n  
o f  heat losses .  And f i n a l l y ,  t h e  p lacement  o f  a c o n t r o l  
r e q u i r e s  c o n s i d e r a t i o n  o f  t h e  a r m  r e a c h  measurement f o r  t h e  
smallest  pe r son  who i s  e x p e c t e d  t o  u s e  i t .  

2 )  P h y s i o l o g i c a l  and B iomed ica l  S t a n d a r d s  are conce rned  
w i t h  t h e  main tenance  o f  b o d i l y  f u n c t i o n s  w i t h i n  c e r t a i n  
p r e s c r i b e d  l i m i t s ,  t h e  p r o t e c t i o n  of t h e  body from v a r i o u s  
e n v i r o n m e n t a l  s t resses ,  and i n  some i n s t a n c e s ,  t h e  r e s t o r a t i o n  
o f  normal  body f u n c t i o n s  i f  t h e i r  l i m i t s  have been  exceeded .  

S ince  these  are p r i m a r i l y  conce rned  w i t h  t h e  func -  
t i o n a l  r e q u i r e m e n t s  o f  t h e  body,  t h e y  g e n e r a l l y  t a k e  t h e  form 
o f  normal  ranges and l i m i t s  f o r  t h e  p o p u l a t i o n .  The l a t t e r  
i n c l u d e  p o i n t s  or l e v e l s  a t  which d i s c o m f o r t  o r  decrement  
i n  f u n c t i o n i n g  might  be e x p e c t e d  t o  o c c u r  and e x t e n d  t o  t h e  

'A d e t a i l  o u t l i n e  o f  t h e  s u b - c a t e g o r i e s  t h a t  have  been  
deve loped  t o  da t e  w i l l  be  found i n  Appendix D .  
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p o i n t  or l e v e l  where s e r i o u s  impairment o f  f m c t i o n  o r  
p e r h a p s  damage t o  b o d i l y  t i s s u e  can  b e  e x p e c t e d .  For 
some areas ,  t h e  normal  r a n g e  can be s p e c i f i e d  i n  a re la-  
t i v e l y  - s t r a i g h t f o r w a r d  manner; f o r  example ,  t h e  c a l o r i c  
r e q u i r e m e n t s  p e r  hour o f  a 1 6 0  l b .  man a t  r e s t .  For 
o t h e r s ,  t h e r e  i s  a much more complex i n t e r a c t i o n  o f  
v a r i a b l e s ,  and t h e  u s e  o f  a ma themat i ca l  model i s  n e c e s s a r y  
t o  e s t a b l i s h  a d e q u a t e  s t a n d a r d s .  For example,  i n  t h e  
r e g u l a t i o n  o f  body t e m p e r a t u r e ,  many v a r i a b l e s  i n t e r a c t  t o  
determine t h e  exchange  o f  heat between t h e  body and t h e  
env i ronmen t .  D e v i a t i o n s  i n  one o f  t hese  v a r i a b l e s  ( s u c h  
as wall  t e m p e r a t u r e )  c a n ,  w i t h i n  f a i r l y  nar row l i m i t s ,  
be o f f s e t  by a change i n  t h e  v a l u e  of  a n o t h e r  v a r i a b l e  
( s u c h  as v e n t i l a t i o n  r a t e )  i n  o r d e r  t o  m a i n t a i n  t h e  body 
w i t h i n  a c o m f o r t a b l e  r a n g e .  T h e r e f o r e ,  t o  e s t a b l i s h  human 
p h y s i o l o g i c a l  s t a n d a r d s ,  i t  may b e  a d e q u a t e  t o  s p e c i f y  
v a l u e s  f o r  s i n g l e  parameters i n  some c a s e s ;  i n  o t h e r  areas 
i t  i s  n e c e s s a r y  t o  s p e c i f y  m u l t i p l e  v a r i a b l e s  and a method 
(model )  f o r  c a l c u l a t i n g  t h e  e f f e c t s  o f  t h e i r  i n t e r a c t i o n s .  

3 )  P s y c h o l o g i c a l  or Performance S t a n d a r d s  are  con- 
c e r n e d  w i t h  t h e  u s e  o f  t h e  c a p a b i l i t i e s  o f  t h e  human b e i n g  
f o r  t h e  pe r fo rmance  o f  u s e f u l  work or t asks ;  and a g a i n ,  
t h e  ma in tenance  o f  t h e s e  per formance  c a p a b i l i t i e s  w i t h i n  
a c c e p t a b l e  l e v e l s  when s u b j e c t e d  t o  v a r i o u s  work and 
e n v i r o n m e n t a l  s t resses .  

A s  w i t h  t h e  p h y s i o l o g i c a l  s t a n d a r d s ,  b o t h  s i n g l e  and 
m u l t i p l e  v a r i a b l e  s t a n d a r d s  must be s p e c i f i e d .  However, 
t h e  q u a n t i f i c a t i o n  o f  human per formance  i s  g e n e r a l l y  a much 
g r e a t e r  problem t h a n  i t  i s  f o r  t h e  p h y s i o l o g i c a l  f u n c t i o n s .  
F o r  example,  i t  i s  p o s s i b l e  t o  p r o v i d e  r a t h e r  p r e c i s e  quan- 
t i t a t i v e  s t a n d a r d s  f o r  some o f  t h e  s e n s o r y  c a p a b i l i t i e s  o f  
man ( e . g . ,  v i s i o n  and h e a r i n g ) ;  bu t  f o r  problem s o l v i n g ,  
which i s  a n  e x t r e m e l y  i m p o r t a n t  human c a p a b i l i t y ,  i t  i s  n o t  
y e t  p o s s i b l e  t o  p r o v i d e  p r e c i s e  q u a n t i t a t i v e  measures- -a t  
l e a s t  o u t s i d e  o f  t h e  l a b o r a t o r y .  However, q u a l i t a t i v e  
s t a t e m e n t s  i n  t h e s e  areas are u s e f u l  and s h o u l d  be i n c l u d e d  
as g u i d e l i n e s .  

4) Envi ronmen ta l  S t a n d a r d s  i n c l u d e  t h e  v a l u e s  f o r  
v a r i o u s  p h y s i c a l  e n v i r o n m e n t a l  c o n d i t i o n s  which e s t a b l i s h  
t h e  l i m i t s  f o r  t h e  p h y s i o l o g i c a l  and p s y c h o l o g i c a l  f u n c t i o n i n g  
o f  man when s u b j e c t e d  t o  v a r i o u s  e n v i r o n m e n t a l  s t resses .  

The e n v i r o n m e n t a l  s t a n d a r d s  b e g i n  w i t h  t h e  e n v i r o n m e n t a l  
c a t e g o r i e s  and parameters o f  space  f l i g h t  i n t e r e s t  which 
are u s e d  t o  e s t a b l i s h  t h e  l i m i t s  o f  p h y s i o l o g i c a l  
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and p s y c h o l o g i c a l  f u n c t i o n i n g  when s u b j e c t e d  t o  v a r i o u s  
amounts or combina t ions  o f  these e n v i r o n m e n t a l  s t resses .  
F r e q u e n t l y ,  i t  i s  p o s s i b l e  t o  e s t a b l i s h  a normal  l e v e l  
o r  r a n g e  o f  f u n c t i o n i n g  where no impai rment  o c c u r s  i n  
r e s p o n s e  t o  these  e n v i r o n m e n t a l  s t resses ;  a pe r fo rmance  
l i m i t ,  where e x c e s s i v e  amounts o f  e r r o r  o r  t i m e  become 
i n v o l v e d  i n  t h e  pe r fo rmance  o f  tasks,  and a n  emergency 
l i m i t  a t  which some p h y s i o l o g i c a l  impai rment  o r  p a t h o l o g i c a l  
c o n d i t i o n  can  be e x p e c t e d  t o  occur .  

The r e l a t i o n s h i p s  between t h e  v a r i o u s  c l a s s e s  o f  human 
s t a n d a r d s  may be summarized as f o l l o w s :  

A c t u a l  or o b s e r v e d  Basic human r e q u i r e m e n t s  
p h y s i o l o g i c a l  and  c a p a b i l i t i e s  t 
t o l e r a n c e s  and - - e f f e c t s  of p e r s o n a l  
pe r fo rmance  v a r i a b l e s  + e f f e c t s  o f  
c a p a b i l i t i e s  e n v i r o n m e n t  + e f f e c t s  

o f  equipment-+ e f f e c t s  
o f  procedures:  

The h e a r i n g  c a p a b i l i t y  o f  man i l l u s t r a t e s  these  r e l a t i o n -  
s h i p s :  Fo r  example,  unde r  q u i e t  ( n o  n o i s e )  c o n d i t i o n s  a 
p e r s o n  o f  t h e  age and  n o i s e  exposure  e x p e r i e n c e  o f  t h e  a s t r o n a u t  
p o p u l a t i o n  c a n  be e x p e c t e d  t o  h e a r  s p e e c h  o v e r  a c e r t a i n  
f r e q u e n c y  and i n t e n s i t y  r a n g e  i n  t h e  f a c e - t o - f a c e  s i t u a t i o n  
a t  a s p e c i f i e d  d i s t a n c e .  However, i f  t h e  ambient  n o i s e  l e v e l  
i s  s u f f i c i e n t l y  h i g h ,  some or a l l  o f  t h e  s p e e c h  w i l l  be 
masked by t h e  n o i s e .  Where t h i s  o c c u r s ,  i t  may b e  p o s s i b l e  
t o  o f f s e t  t h e  e f f e c t s  o f  h t e r f e r e n c e  b y  t h e  use  of in te rcommunica-  
t i o n  equ ipmen t .  Or if t h i s  i s  n o t  f ea s ib l e ,  v i s u a l  means o f  
communicat ion may have t o  be u t i l i z e d .  D i f f e r e n c e s  i n  t h e  
c a p a b i l i t i e s  of  d i f f e r e n t  a s t r o n a u t s  o r  w i t h i n  t h e  same one 
a t  d i f f e r e n t  times a l s o  must be c o n s i d e r e d .  I n a t t e n t i o n ,  
h e a r i n g  t h r e s h o l d  d i f f e r e n c e s ,  e t c . ,  may d e g r a d e  o r  enhance  
p e r f o r m a n c e .  From t h e  p h y s i o l o g i c a l  s t a n d p o i n t ,  i f  t h e  n o i s e  
i s  o f  s u f f i c i e n t  i n t e n s i t y  and d u r a t i o n ,  t empora ry  h e a r i n g  
l o s s  o r  permanent  damage t o  t h e  ear  may o c c u r  u n l e s s  s u i t a b l e  
p r o t e c t i v e  d e v i c e s  a r e  u s e d ,  such as ear p l u g s ,  helmets ,  e t c .  
The r e s u l t  of  c o n s i d e r i n g  a l l  of these  f a c t o r s  i n  combina- 
t i o n  i s  t o  d e s c r i b e  t h e  per formance  and t o l e r a n c e s  o f  man 
unde r  t h e  c o n d i t i o n s  t o  which he w i l l  be exposed .  I f  t h e  
v a l u e s  f o r  any of  these  v a r i a b l e s  exceed  a c c e p t a b l e  l i m i t s  
or b o u n d a r i e s ,  s u i t a b l e  means m u s t  be found t o  b r i n g  them 
w i t h i n  a c c e p t a b l e  l i m i t s .  
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The p h y s i o l o g i c a l  and p s y c h o l o g i c a l  s t a n d a r d s ,  i n  e f f e c t ,  
d e f i n e  t h e  "normal" t y p e s  and l e v e l s  o f  f u n c t i o n i n g  o f  man as 
measured  unde r  some b a s e l i n e  c o n d i t i o n  and from there  go on 
t o  d e f i n e  t h e  l i m i t s  f o r  t h e s e  f u n c t i o n s  when s t ressed  b y  
v a r i o u s  e n v i r o n m e n t a l ,  o p e r a t i o n a l ,  o r  o t h e r  c o n d i t i o n s .  Most 
o f  t h e  b a s e l i n e  measurements on human f u n c t i o n s  have been  
e s t a b l i s h e d  u n d e r  t h e  c o n d i t i o n s  which o b t a i n  on t h e  e a r t h ' s  
s u r f a c e ,  hence  a d j u s t m e n t s  may b e  r e q u i r e d  i n  some o f  these  
as a r e s u l t  o f  t h e  unique  f i x t u r e s  o f  t h e  s p a c e  env i ronmen t .  
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Table 1: C a t e g o r i e s  w i t h i n  Human S t a n d a r d s  

_ _  

I .  Anthropometr ic  S t a n d a r d s  (measurement,s of’ t h e  p h y s i c a l  
c h a r a c t e r i s t i c s  of t h e  human body f o r  Lhe iinique 
a s t r o n a u t  p o p u l a t i o n  of  i n t e r e s t ) .  

A. 

B.  

C .  

D. 

E. 

Dimensions o f  t h e  Head, Body, and L i m b s  

I n c l u d e s  b o t h  s t a t i c  d imens ions  such  as h e i g h t  
( u s u a l l y  from t h e  f l o o r ) ,  l e n g t h ,  w i d t h ,  t h i c k n e s s ,  
and  c i r c u m f e r e n c e  o f  t h e  body and body p a r t s ;  and  
dynamic d imens ions  o f  t h e  body which i n c l u d e  r e a c h  
and  body e n v e l o p e s ,  s u c h  as arm r e a c h  or s p a c e  
r e q u i r e d  t o  c r a w l  t h r o u g h  a h a t c h ,  e t c .  

Movement of  t h e  Head, Body, and L i m b s  

I n c l u d e s  t h e  r a n g e  o f  movement i n  d e g r e e s  abou t  
t h e  v a r i o u s  j o i n t s  of  t h e  body;  t h e  c a p a b i l i t i e s  
f o r  p e r f o r m i n g  complex movements such  as c o n t r o l  
m a n i p u l a t i o n ;  and c a p a b i l i t i e s  f o r  p e r f o r m i n g  
whole body movements, such  as w a l k i n g ,  c l i m b i n g  , 
e t c .  

S t r e n g t h  and Endurance of  t h e  Body and L i m b s  

I n c l u d e s  t h e  s t r e n g t h  and endurance  o f  t h e  body 
and l imbs  f o r  pe r fo rmance  o f  work i n  v a r i o u s  
p l a n e s  and d i r e c t i o n s  and f o r  v a r i o u s  p e r i o d s  
of t i m e .  

Dimensions,  Masses, and Volume o f  Organs and Body Pa r t s  

I n c l u d e s  t h e  d imens ions  o f  o r g a n s ,  we igh t  and 
s p e c i f i c  g r a v i t y  of  b o d i l y  o r g a n s  and p a r t s ,  
and t h e  volume o f  t h e  o r g a n s  and  body p a r t s .  

Cen te r s  of G r a v i t y  and Moments o f  I n e r t i a  f o r  Body 
and Body P a r t s  

I n c l u d e s  c e n t e r s  of  g r a v i t y  f o r  t h e  whole hody i n  
v a r i o u s  p o s i t i o n s ,  and f o r  body p a r t s  such  as l i m b s  
and  o r g a n s ,  e t c .  The moments o f  i n e r t i a  d e t e r m i n e  
t h e  amount of f o r c e  r e q u i r e d  to r o t a t e  t h e  body 
about  i t s  c e n t e r  o f  g r a v i t y .  
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F. S u r f a c e s  o f  t h e  Body 

I n c l u d e s  t h e  s k i n  a r e a  o r  p r o j e c t e d  area f o r  t he  whole 
body i n  v a r i o u s  p o s i t i o n s ,  such  as s t a n d i n g ,  c rouch-  
i n g ,  e t c . ,  and f o r  v a r i o u s  p o r t i o n s  o f  t h e  body.  
Also ,  i n c l u d e s  t h e  thermal r e s i s t a n c e  o f  t h e  s k i n .  

G .  Composi t ion o f  t h e  Body 

I n c l u d e s  t h e  chemica l  c o n s t i t u e n t s ,  c e l l s ,  and 
t i s s u e s ,  and o rgan  c h a r a c t e r i s t i c s  o f  t h e  body as 
re la ted  t o  t h e  e f f e c t s  o f  a c c e l e r a t i o n ,  a l t i t u d e ,  
t e m p e r a t u r e ,  v i b r a t i o n ,  or r a d i a t i o n .  

11. P h y s i o l o g i c a l  S t a n d a r d s  ( f u n c t i o n a l  r e q u i r e m e n t s  o f  t h e  
human body f o r  main tenance  o r  r e s t o r a t i o n  o f  normal  h e a l t h  
and f o r  t h e  p r o t e c t i o n  o f  t h e  body from v a r i o u s  e n v i r o n -  
m e n t a l  f a c t o r s  ) .  

A .  F u n c t i o n a l  Requi rements  o f  t h e  R e s p i r a t o r y  System 

I n c l u d e s  volume and r a t e s  o f  a i r  movement, consumption 
o f  oxygen, p r o d u c t i o n  of ca rbon  d i o x i d e  and water 
vapor ,  and exchange o f  gases i n  t h e  l u n g s .  

B.  F u n c t i o n a l  Requi rements  f o r  D i g e s t i v e  S y s t e m  and 
N u t r i t i o n a l  Requirements  

I n c l u d e s  t h e  r e q u i r e m e n t s  f o r  food  and water. For  
food  t h i s  i n v o l v e s  t h e  b u l k ,  d i e t a r y  compos i t ion ,  
f r equency  o f  i n g e s t i o n ,  e t c .  For water t h i s  i n v o l v e s  
t h e  amount and f r equency  o f  i n g e s t i o n .  

1 C .  Maintenance o f  Metabol ic  Ba lances  

T h i s  i n c l u d e s  t h e  f u n c t i o n i n g  o f  s e v e r a l  b o d i l y  sys t ems  
i n  combina t ion ,  b u t  i s  p r i m a r i l y  conce rned  w i t h  t h e  
r e q u i r e m e n t s  for m a i n t a i n i n g  a b a l a n c e  between c a l o r i c  
( f o o d )  and  oxygen i n t a k e  and  work and  heat  o u t p u t  o f  
t h e  body. Also i n c l u d e s  ma in tenance  o f  f l u i d  e l e c t r o -  
l y t e  b a l a n c e s  i n  t h e  t i s s u e s .  

'This t y p e  o f  c a t e g o r y  r e p r e s e n t s  t h e  combining o f  several  
b a s i c  p h y s i o l o g i c a l  f u n c t i o n s  and t h e r e f o r e  i s  somewhat r e d u n d a n t  
w i t h  some of  t he  o t h e r  c a t e g o r i e s .  Eowever, ii represents  a 
c o n v e n i e n t  method of g r o u p i n g  data f o r  d e s i g n  p u r p o s e s .  A s  t h e  
data base i s  deve loped ,  undoubtedly  b e t t e r  g r o u p i n g s  o f  t h e  data 
w i l l  become a p p a r e n t .  



. 
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D. 

E. 

F. 

G .  

H. 

I .  

J. 

Maintenance o f  The rma l  Ba lances  

S i m i l a r  t o  above b u t  i s  s p e c i f i c a l l y  conce rned  w i t h  
t h e  exchange of  t h e  body h e a t  w i t h  t h e  envi ronment  
t o  m a i n t a i n  comfor t  and work e f f i c i e n c y .  

F u n c t i o n a l  Requi rements  of  t h e  E x c r e t o r y  Systems 

I n c l u d e s  c o n s i d e r a t i o n  o f  t h e  amounts,  c o m p o s i t i o n ,  
and f r e q u e n c y  of e x c r e t i o n  or e l i m i n a t i o n  o f  a l l  
b o d i l y  wastes; t h e r e f o r e ,  i t  i n c l u d e s  f e c e s ,  u r i n e ,  
f l a t u s ,  sweat, s a l i v a ,  d r i e d  s k i n  and sebum, t ea r s ,  
and ear wax. Also i n c l u d e s  growth of h a i r  and 
f i n g e r  and t o e  n a i l s .  

F u n c t i o n a l  Requi rements  of t h e  C a r d i o v a s c u l a r  System 

I n c l u d e s  heart-rate and rhythm, d i s t r i b u t i o n  and f low 
of b l o o d  i n  t h e  a r t e r i a l ,  venous and t h e  c a p i l l a r y  
sys tems,  and t h e  volume and compos i t ion  o f  t he  b l o o d .  

F u n c t i o n a l  Requi rements  of t h e  Nervous System 

I n c l u d e s  t h e  normal  f u n c t i o n i n g  o f  t h e  c e n t r a l  ne rvous  
system, p e r i p h e r a l  ne rvous  s y s t e m s ,  and r e c e p t o r s  and 
e f f e c t o r s  i n  t h e  s e n s e s ,  musc le s ,  and g l a n d s .  

Maintenance of Muscular  I n t e g r i t y  

I n c l u d e s  s t r e n g t h ,  endurance ,  c o o r d i n a t i o n  of t h e  
muscles  and t h e  g e n e r a l  t o n u s  o f  t h e  body. 

Maintenance o f  Endocr ine  B a l a n c e s  

I n c l u d e s  what i s  known abou t  t h e  ma in tenance  of endo- 
c r i n e  b a l a n c e s  - i n c l u d i n g  t h e  t h y r o i d ,  p i t u i t a r y ,  
a d r e n a l  c o r t e x ,  gonads,  e t c . ,  when s u b j e c t e d  t o  u n u s u a l  
envi ronments ,  d i f f e r e n t  work r eg imes ,  e t c .  

Maintenance of Immunologica l  Responses  

-.. 

I n c l u d e s  c o n s i d e r a t i o n  o f  what i s  r e q u i r e d  t o  m a i n t a i n  
t h e  body ' s  d e f e n s e s  a g a i n s t  i n f e c t i o n s .  
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111. P s y c h o l o g i c a l  S t a n d a r d s  ( f u n c t i o n a l  c a p a b i l i t i e s  and 
l i m i t a t i o n s  of t h e  human b e i n g  f o r  t h e  per formance  o f  
v a r i o u s  d u t i e s  and t a s k s . )  

A .  F u n c t i o n a l  C a p a b i l i t i e s  o f  t h e  V i s u a l  Sense 

I n c l u d e s  c o n s i d e r a t i o n  o f  t h e  f i e l d  o f  v i s i o n ,  
d i s c r i m i n a t i o n  of l i g h t  i n t e n s i t i e s  and v a r i a t i o n s ,  
d i s c r i m i n a t i o n  of s p a t i a l  r e l a t i o n s h i p s  ( v i s u a l  
a c u i t y ,  d e p t h  d i s c r i m i n a t i o n ,  form d i s c r i m i n a t i o n ,  
movement d i s c r i m i n a t i o n ,  and o r i e n t a t i o n )  and 
d i s c r i m i n a t i o n  o f  c o l o r .  

B. F u n c t i o n a l  C a p a b i l i t i e s  of t h e  Aud i to ry  S e n s e  

I n c l u d e s  c a p a b i l i t i e s  f o r  r e c e p t i o n  o f  s i g n a l s  and 
speech  as a f u n c t i o n  of i n t e n s i t y  l e v e l s  and 
d i f f e r e n c e s  and v a r i o u s  n o i s e  c o n d i t i o n s .  

C .  F u n c t i o n a l  C a p a b i l i t i e s  of t h e  K i n e s t h e t i c  and 
V e s t i b u l a r  Senses  

I n c l u d e s  t h e  c a p a b i l i t i e s  f o r  p e r c e p t i o n  o f  p o s i t i o n  
of  t h e  body and l i m b s ,  movement of  the  body and l i m b s ,  
p o s i t i o n  of o b j e c t s  and v e h i c l e s  ( w i t h  t he  man i n  t h e  
v e h i c l e ) ,  and t h e  movement of v e h i c l e s  ( a g a i n  w i t h  
t h e  man i n  t h e  v e h i c l e .  

D. F u n c t i o n a l  C a p a b i l i t i e s  of t h e  S o m e s t h e t i c  Senses  

I n c l u d e s  t h e  p e r c e p t i o n  of t e m p e r a t u r e ,  t o u c h ,  and 
p a i n  bo th  f o r  whole body and body p a r t s .  

E .  F u n c t i o n a l  C a p a b i l i t i e s  o f  t h e  O l f a c t o r y  and 
and G u s t a t o r y  Senses  

These o r d i n a r i l y  are n o t  i m p o r t a n t  c a p a b i l i t i e s  of 
man i n  t h e  d e s i g n  o f  s y s t e m s .  I n c l u d e s  p e r c e p t i o n  
o f ,  and d i s c r i m i n a t i o n  between o d o r s  and t a s t e s .  

F. F u n c t i o n a l  C a p a b i l i t i e s  f o r  P e r c e p t i o n  

I n c l u d e s  t h e  c a p a b i l i t i e s  o f  man t o  i n t e r p r e t  
s e n s o r y  i n p u t s  as meaningfu l  o b j e c t s  and e v e n t s .  
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G .  F u n c t i o n a l  C a p a b i l i t i e s  f o r  Problem-Solv ing  and 
Dec i s ion  Making 

These are complex human c a p a b i l i t i e s  and d i f f i c u l t  
t o  q u a n t i f y  b u t  n e v e r t h e l e s s  are e x t r e m e l y  i m p o r t a n t  
t o  c o n s i d e r .  I n c l u d e s  s u c h  t h i n g s  as compar ison ,  
computa t ion ,  r e a s o n i n g ,  judgement ,  e t c .  

H .  F u n c t i o n a l  C a p a b i l i t i e s  for L e a r n i n g  and R e t e n t i o n  

I n c l u d e s  t h e  l e a r n i n g  of v a r i o u s  t y p e s  o f  s k i l l s  and 
knowledges, t h e i r  r e t e n t i o n  (or c o n v e r s e l y  f o r g e t t i n g ) ,  
and t h e  t r a n s f e r  o f  s k i l l s  and knowledges from one 
s i t u a t i o n  t o  a n o t h e r .  

I .  F u n c t i o n a l  C a p a b i l i t i e s  of t h e  Sensory-Motor P r o c e s s e s  

I n c l u d e s  t h e  c a p a b i l i t i e s  o f  man f o r  p e r f o r m i n g  
con t inuous  c o n t r o l  ( t r a c k i n g )  tasks and complex 
s e q u e n t i a l  (keyboard  o p e r a t i o n )  t asks .  

J .  F u n c t i o n a l  C a p a b i l i t i e s  of t h e  Motor P r o c e s s e s  

I n c l u d e s  t h e  c a p a b i l i t i e s  o f  man f o r  p e r f o r m i n g  
s imple movements s u c h  as o p e r a t i n g  a c o n t r o l ,  
complex movements s u c h  as donn ing  a p r e s s u r e  s u i t ,  
and whole body movements such  as c l i m b i n g ,  w a l k i n g ,  
e t c .  

K. F u n c t i o n a l  C a p a b i l i t i e s  for Speech G e n e r a t i o n  

I n c l u d e s  c o n s i d e r a t i o n  o f  man's  c a p a b i l i t i e s  f o r  
g e n e r a t i o n  o f  speech  and the  u s e  o f  m e a n i n g f u l  
v o c a b u l a r i e s  and s y n t a x .  

I V .  Envi ronmenta l  S t a n d a r d s  ( e f f e c t s  o f  v a r i o u s  e n v i r o n m e n t a l  
c o n d i t i o n s  on t h e  f u n c t i o n a l  r e q u i r e m e n t s  and c a p a b i l i t i e s  
o f  man. ) 

A .  E f f e c t s  of Atmosphere 

T h i s  i n c l u d e s  t h e  e f f e c t s  of c o m p o s i t i o n ,  p r e s s u r e  
l e v e l s  ( b o t h  c o n t i n u o u s  u n d e r p r e s s u r e  and decompress ion ,  
and c o n t i n u o u s  o v e r p r e s s u r e  and  b l a s t ) ,  t e m p e r a t u r e ,  
humidi ty ,  and v e n t i l a t i o n  ( a i r  movement).  
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B .  

C.  

D. 

E .  

F. 

G .  

H. 

E f f e c t s  o f  T o x i c a n t s  

I n c l u d e s  t h e  e f f e c t s  of n o x i o u s  and t o x i c  vapor s  and 
p a r t i c u l a t e  m a t t e r  which may c o n t a c t  t h e  s k i n  or be 
brea thed  o r  t a k e n  o r a l l y .  It i n c l u d e s  t h e  e f f e c t s  
o f  v a r i o u s  b a c t e r i a  t h a t  may b e  g e n e r a t e d  from 
decomposing food ,  body e x c r e t i o n s ,  e t c .  

E f f e c t s  of  Ac c e l e r a t  i on 

I n c l u d e s  t h e  e f f e c t s  of  l i n e a r  a c c e l e r a t i o n  ( b o t h  
impact  and s u s t a i n e d ) ,  a n g u l a r  a c c e l e r a t i o n ,  r ad ia l  
a c c e l e r a t i o n ,  and complex a c c e l e r a t i o n s  s u c h  as a r e  
i n v o l v e d  i n  tumbl ing .  

E f f e c t s  o f  G r a v i t a t i o n  

I n c l u d e s  t h e  e f f e c t s  of  s u s t a i n e d  w e i g h t l e s s n e s s ,  
r educed  g r a v i t a t i o n ,  and e v e n t u a l l y ,  i n c r e a s e d  
g r a v i t a t i o n .  

E f f e c t s  o f  V i b r a t i o n  

I n c l u d e s  p r i m a r i l y  t h e  e f f e c t s  o f  v i b r a t i o n  on t h e  
body i n  t h e  i n f r a s o n i c  r ange ;  some s o n i c  and 
u l t r a s o n i c  e f f e c t s  a l s o  a r e  i n v o l v e d .  

E f f e c t s  o f  Noise 

I n c l u d e s  e f f e c t s  o f  n o i s e  p r i m a r i l y  on t h e  human ear 
w i t h  r e s p e c t  t o  i t s  masking e f f e c t s  on s i g n a l s  and 
speech ,  r e d u c t i o n  of  h e a r i n g  s e n s i t i v i t y  and damage 
t o  t h e  s t r u c t u r e s  of  t h e  ear. 

E f f e c t s  o f  R a d i a t i o n  

I n c l u d e s  n o n - i o n i z i n g  r a d i a t i o n  i n  t h e  r a d i o ,  radar, 
i n f r a r e d ,  v i s i b l e ,  and u l t r a v i o l e t  r a n g e s ;  and 
i o n i z i n g  r a d i a t i o n  i n  the  X-ray and s h o r t e r  wavelength  r a n g e s .  

E f f e c t s  o f  E l e c t r i c i t y  

I n c l u d e s  e f f e c t s  of  exposure  to e l e c t r i c  c u r r e n t .  
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I. 

J. 

K. 

L. 

M. 

E f f e c t s  o f  C i r c a d i a n  R h y t h m s  

I n c l u d e s  c o n s i d e r a t i o n  of t h e  e f f e c t s  of d e v i a t i o n s  from 
t h e  no rma l  e a r t h  c y c l e s ,  such  as d a y - n i g h t ,  on t h e  
f u n c t i o n i n g  o f  t h e  body. 

E f f e c t s  o f  I s o l a t i o n  and Confinement 

I n c l u d e s  p r i m a r i l y  p h y s i c a l  conf inement  and i s o l a t i o n ,  
a l t h o u g h  for e x t e n d e d  manned s p a c e  f l i - g h t s  s o c i a l  
confinement may become a problem. 

E f fec t s  of  D i e t a r y  Imba lances  

I n c l u d e s  t h e  e f f e c t s  o f  d e v i a t i o n s  from normal  d i e t  and 
w a t e r  s u p p l y  on t h e  f u n c t i o n i n g  o f  t h e  body and 
per formance .  

E f f e c t s  of Drugs, I l l n e s s e s ,  and I n j u r i e s  

I n c l u d e s  p r o j e c t i o n s  o f  a n t i c i p a t e d  e f f e c t s  o f  
i l l n e s s e s  and i n j u r i e s  and r e q u i r e d  p r o p h y l a t i c  and 
a m e l o r i a t i v e  t e c h n i q u e s  and m e d i c a l  s u p p l i e s .  
Also i n c l u d e s  c o n s i d e r a t i o n  of p o s s i b l e  u s e s  of  
drugs i n  s p a c e  f l i g h t ,  where d e m o n s t r a t e d  t o  
be e f f e c t i v e .  

E f f e c t s  of  Combined S t r e s s e s  

S ince  e n v i r o n m e n t a l  f a c t o r s  can  have s y n e r g i s t i c ,  
or  a n t a g o n i s t i c ,  or even  n o n i n t e r a c t i v e  e f f e c t s ,  
c o n s i d e r a t i o n  must be  g i v e n  t o  t hese  i n  d e s i g n  
and o p e r a t i o n  as r a p i d l y  as t h e y  a re  i d e n t i f i e d  
and t h e i r  i m p o r t a n c e  i s  assessed. 
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T r a n s f o r m a t i o n  o f  t h e  Human S t a n d a r d s  i n t o  A p p l i c a t i o n s  
S t a n d a r d s  

Human s t a n d a r d s  seldom can b e  d i r e c t l y  used  as c r i t e r i a  
f o r  t h e  d e s i g n  and o p e r a t i o n  of s y s t e m s .  Most r e q u i r e  a n  
i n t e r m e d i a t e  t r a n s f o r m a t i o n  i n t o  t h a t  which w i l l  be  d e f i n e d  
c o l l e c t i v e l y  as a p p l i c a t i o n s  s t a n d a r d s .  For example,  t h e  
d i s t a n c e  a man can  r e a c h  ( a n  a n t h r o p o m e t r i c  s t a n d a r d )  f a i r l y  
d i r e c t l y  e s t a b l i s h e s  how f a r  away a - c o n t r o l  p a n e l  s h o u l d  b e  
p l a c e d .  However, t h e  v i s u a l  c a p a b i l i t i e s  o f  man b y  t h e m s e l v e s  
may p r o v i d e  a lmos t  no g u i d a n c e  t o  t h e  d e s i g n e r  o f  a s p a c e c r a f t .  
These c a p a b i l i t i e s  become mean ingfu l  t o  him o n l y  when t h e y  are 
t r a n s l a t e d  i n t o  c r i t e r i a  f o r  t h e  d e s i g n  o f  d i s p l a y s ,  or t h e  
p l acemen t  and s i z e  o f  c a b i n  windows, e t c .  Also, t h e  oxygen 
r e q u i r e m e n t s  o f  man a re  r e l a t i v e l y  m e a n i n g l e s s  t o  t h e  d e s i g n e r  
o f  a l i f e  s u p p o r t  sys tem u n t i l  h e  knows t h e  s i z e  o f  t h e  c rew,  
how many days  t h e  m i s s i o n  w i l l  l a s t ,  t h e  maximum oxygen 
consumpt ion  r a t e s  per  day (or some o t h e r  r e l e v a n t  u n i t ) ,  e t c .  
I n  s h o r t ,  t h e  human s t a n d a r d s  p r o v i d e  o n l y  a p a r t  o f  t h e  
i n f o r m a t i o n  t h a t  i s  r e q u i r e d  about  man, or p r o v i d e  i t  i n  a 
form n o t  d i r e c t l y  a p p l i c a b l e  t o  t h e  d e s i g n  o f  t h e  s y s t e m .  
T h e r e f o r e ,  i t  i s  n e c e s s a r y  t o  b r i d g e  t h e  gap  between t h e  l i f e  
and  b e h a v i o r a l  s c i e n c e s  and  t h e  e n g i n e e r i n g  and t r a i n i n g  
t e c h n o l o g i e s .  Again,  as w i t h  t h e  human s t a n d a r d s ,  t hese  areas 
w i l l  b e  c l a s s i f i e d  i n t o  s e v e r a l  m a j o r  c a t e g o r i e s .  1 

1) L i f e  Suppor t  E n g i n e e r i n g  S t a n d a r d s  are conce rned  
w i t h  t h e  d e s i g n  and o p e r a t i o n  o f  e n v i r o n m e n t a l  c o n t r o l  s y s t e m s ,  
s u p p o r t  and r e s t r a i n t  equipment ,  f o o d  and water management 
s y s t e m s ,  and waste management s y s t e m s ,  and w i t h  t h e  p r o v i s i o n  
o f  s u p p l i e s  ( i . e . ,  consumables ,  s u c h  as f o o d ,  water ,  oxygen,  
e t c . )  which are r e q u i r e d  t o  p r o t e c t  and m a i n t a i n  t h e  crew d u r i n g  
s p a c e  f l i g h t  and r e c o v e r y .  

T h i s  area draws h e a v i l y  from t h e  human data  c l a s s i f i e d  
unde r  p h y s i o l o g i c a l  s t a n d a r d s  and e n v i r o n m e n t a l  s t a n d a r d s .  

2 )  Human E n g i n e e r i n g  S t a n d a r d s  i n c l u d e  t h e  d e s i g n  and 
o p e r a t i o n  of t h e  hardware w i t h  which t h e  crew i n t e r a c t s  ( e . g . ,  
c o n t r o l s  and  d i s p l a y s )  i n  t h e  sys tem.  T h i s  area i s  a l s o  con- 
c e r n e d  w i t h  t h e  d imens ions  and a r r angemen t s  o f  t h e  compar tments ,  
hardware, and c l o t h i n g  as it r e l a t e s  t o  t h e  p h y s i c a l  d imens ions  
and m o b i l i t y  o f  man. 

'A d e t a i l e d  o u t l i n e  o f  t h e  s u b c a t e g o r i e s  f o r  t h e  A p p l i c a t i o n s  
S t a n d a r d s  t h a t  have  been developed  t o  da te  w i l l  b e  found i n  
Appendix E .  
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These s t a n d a r d s  a r e  p r i m a r i l y  dependerit  on t h e  a n t h r o p o -  
m e t r i c  data on man, and on t h e  p s y c h o l o s i c a l  and e n v i r o n m e n t a l  
s t a n d a r d s  f o r  human per formance  da t a .  

3 )  Procedures  Development and Documentat ion S t a n d a r d s  
i n c l u d e  c r i t e r i a  f o r  t h e  develoDment o f  o p e i % % i o n a l ,  main- 
t e n a n c e ,  and o t h e r  p r o c e d u r e s  ( s u c h  as e x p l o r a t i o n  o f  t h e  
l u n a r  s u r f a c e )  t h a t  may b e  r e q u i r e d  of t h e  c rews .  T h i s  i n c l u d e s  
t h e i r  documenta t ion  i n  manuals .  I n  t h e  documen ta t ion  t h e  
conce rn  i s  w i t h  o r g a n i z a t i o n ,  c o n t e n t s ,  and f o r m a t s  o f  t h e  manua l s .  

These depend h e a v i l y  on t h e  p s y c h o l o g i c a l  s t a n d a r d s  f o r  
da ta ;  a l t h o u g h  t h e  o t h e r  s t a n d a r d s  areas a l s o  a r e  i n v o l v e d .  
F o r  example,  t h e  ene rgy  e x p e n d i t u r e s  o f  t h e  a s t r o n a u t  i n  a 
p r e s s u r i z e d  s u i t  must b e  c o n s i d e r e d  i n  t h e  development  o f  
p r o c e d u r e s .  

4) P e r s o n n e l  S e l e c t i o n  and T r a i n i n g  S t a n d a r d s  i n c l u d e  t h e  
s e l e c t i o n  o f  p e r s o n n e l  who a r e  p h y s i c a l l y ,  e m o t i o n a l l y ,  edu- 
c a t i o n a l l y ,  and e x p e r i e n t i a l l y  s u i t a b l e  f o r  s p a c e  f l i g h t  crews 
and t h e i r  t r a i n i n g  t o  i n s u r e  t h a t  t h e y  a re  a b l e  t o  s a t i s f a c t o r i l y  
p e r f o r m  t h e  tasks which a re  a s s i g n e d  to them. 

These s t a n d a r d s  draw from a l l  o f  t h e  human s t a n d a r d s  
c a t e g o r i e s .  

5 )  C r e w  Composi t ion S t a n d a r d s  are  conce rned  w i t h  t h e  
o r g a n i z a t i o n  of crews to i n s u r e  t h a t  t h e y  a r e  composed o f  
s u i t a b l e  numbers and t y p e s  o f  s p e c i a l i s t s  and a re  i n t e g r a t e d  t o  
f u n c t i o n  a s  a team. 

Most of t h e s e  s t a n d a r d s  a re  dependent  on t h e  c r i t e r i a  p ro -  
v i d e d  i n  t h e  p s y c h o l o g i c a l  s t a n d a r d s .  

The major s u b c a t e g o r i e s  w i t h i n  e a c h  o f  t h e s e  a p p l i c a t i o n s  
s t a n d a r d s  a r e a s  a r e  d e s c r i b e d  i n  T a b l e  2 .  

- I  
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Table 2: Categories within Applications Standards 

I. Life Support Engineering Standards (includes the design 
and operation of equipment f o r  bodily maintenance and 
protection). 

A. Design o f  Protective Suits and Portable Equipment 

Includes the support and protective aspects of 
clothing, anti-exposure suits, pressure suits, and 
portable life support equipment. 

B. Design of Occupancy and Restraint Equipment 

Includes the design and operation of equipment 
intended to protect man from the effects of 
weightlessness, acceleration, vibration, impact, 
etc. Also, comfort f o r  long-term occupancy is 
considered here. 

C. Design of Environmental Control Systems 

Includes the design of systems provided in space- 
craft and eventually lunar and planetary bases, 
for the control of atmospheric pressure, composition, 
temperature and humidity; control of toxicants and 
contaminants; and in some instances, radiation and 
noise protection. 

D. Design o f  Food and Water Management Systems 

Includes provisions for storage, preservation, 
preparation, consumption, and reconstitution of 
food; also includes provisions f D r  storage, 
storage and purification of water for crew con- 
sumption and hygienic purposes. 

E. Design of Waste Management Systems 

Includes provisions for collection and disposal o f  
human waste products; eventually will include design 
o f  reclamation systems. 
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F. Design of Monitoring Equipment 

Includes provisions for selection of parameters 
to be monitored (mostly physiological parameters), 
design and mounting of sensors, design of recording 
and transmitting equipment and techniques f o r  
data analysis. 

G. Provisions for Hygiene and Medical Supplies 

Includes selection of medications, dressings, body 
cleansing supplies, and provisions f o r  their 
storage, u s e ,  and disposal. 

H. Design of Equipment f o r  Maintaining Bodily Condition 

Includes provisions for exercise, negative pressure 
suits, centrifugation, etc., depending on the results 
of further research. 

I. Design of Escape, Survival, and Recovery Equipment 
and Supplies 

Includes provisions for escape from the spacecraft; 
provisions for survival and recovery from land, 
water, and eventually, disabled space vehicles, 
lunar and planetary bases, etc. 

11. Human Engineering Standards (includes those considerations 
which are related to the interaction or interface between 
the man and the equipment). 

A. Design of Clothing, Suits,'and Portable Equipment 

Includes fit and mobility considerations, vision, and 
communication when hel.meted, performance of simple, 
complex, and whole body movements - with a minimum of 
interference. It also includes coverage of donning, 
stowage, portability, and operation. 

B. Design of Occupancy and Restraint Equipment 

Limited to the fit, mobility, and support considerations 
of the equipment as opposed to its protective aspects. 
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C .  Des ign  o f  Cabins  

I n c l u d e s  c o n s i d e r a t i o n  o f  t h e  g e n e r a l  a r r angemen t  
and  l o c a t i o n  o f  windows, c o n t r o l  and d i s p l a y  p a n e l s ,  
sea ts ,  and o t h e r  equipment w i t h i n  t h e  c r e w s '  o p e r a t i n g  
s t a t i o n . '  
v i b r a t i o n ,  n o i s e ,  a c c e l e r a t i o n ,  and  o t h e r  e n v i r o n -  
m e n t a l  v a r i a b l e s  as they  a f f e c t  pe r fo rmance .  

Also ,  c o n s i d e r s  e f f e c t s  o f  l i g h t i n g ,  

D.  Des ign  o f  D i s p l a y  and C o n t r o l  P a n e l s  

I n c l u d e s  c o n s i d e r a t i o n  o f  t h e  l o c a t i o n ,  g r o u p i n g ,  
l a b e l i n g ,  e t c . ,  o f  d i s p l a y s  and  c o n t r o l s  on p a n e l s .  

E .  S e l e c t i o n  and  Des ign  o f  D i s p l a y s  

I n c l u d e s  c o n s i d e r a t i o n  o f  t h e  t y p e s  o f  i n f o r m a t i o n  to b e  
d i s p l a y e d ,  t h e  form ( e . g . ,  q u a n t a t i v e  o r  q u a l i t a t i v e ,  
e t c . )  i n  which i t  i s  d i s p l a y e d  and  d e s i g n  f e a t u r e s  
s u c h  as d imens ions ,  l i g h t i n g ,  m a r k i n g s ,  c o d i n g ,  e t c . ,  
o f  t h e  d i s p l a y s .  V e r b a l  communicat ion equipment  
( e . g . ,  i n t e rcommunica t ion  s y s t e m s )  are c o n s i d e r e d  he re .  

F. S e l e c t i o n  and Des ign  o f  C o n t r o l s  

I n c l u d e s  t he  t y p e s  of c o n t r o l s  t o  b e  u s e d ,  t h e i r  method 
o f  o p e r a t i o n ,  and d e s i g n  f e a t u r e s  s u c h  as d i m e n s i o n s ,  
t o r q u e ,  f r i c t i o n ,  markings ,  e t c .  

G .  Des ign  of Equipment f o r  Main tenance  

I n c l u d e s  p r o v i s i o n s  f o r  f a u l t  i d e n t i f i c a t i o n  and 
l o c a l i z a t i o n ,  rep lacement  o r  r e p a i r ,  and t o o l s  and 
equipment  f o r  a d j u s t m e n t s ,  r e p l a c e m e n t ,  o r  r e p a i r  
o f  equipment .  

H. Des ign  of T r a i n i n g  Equipment 

I n c l u d e s  many o f  t h e  same d e s i g n  c o n s i d e r a t i o n s  n o t e d  

' E v e n t u a l l y ,  d e s i g n  o f  l a r g e r  f a c i l i t i e s  ( s u c h  as manned 
o r b i t a l  s t a t i o n s  o r  l u n a r  b a s e s )  and o t h e r  t y p e s  o f  v e h i c l e s  
( s u c h  as l u n a r  s u r f a c e  e x p l o r a t o r y  v e h i c l e s )  w i l l  have t o  b e  
airired t o  t hese  c a t e g o r i e s  s i n c e  t h e y  a l s o  w i i i  i n v o l v e  hurriari 
e n g i n e e r i n g  c o n s i d e r a t i o n s  t h a t  are  somewhat d i f f e r e n t  from t h e  
c a t e g o r i e s  l i s t e d  here .  
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above but also includes provisions for training 
routines or programs, recording and PvPiuation 
equipment, and instructor's stations. Also  
includes initial decisions about the types of 
training aids and devices required. 

111. Procedures Development and Documentation Standards 

A. Development of Procedures 

Includes consideration of the tasks required o f  the 
personnel, task loadings, communication require- 
ments, and so forth. Includes development and 
evaluation of both normal and contingency pro- 
cedures. 

B. Documentation of Procedures 

Includes the type of document, job aids, and the 
format and content of the documents. 

IV. Personnel Selection and Training Standards 

A. Selection of Personnel 

Includes medical and physical selection techniques, 
educational criteria, and experience criteria. 

B. Training of Personnel 

Includes establishment o f  training requirements, 
training programs, training courses, and the 
selection or design of training materials, aids, 
and devices. Also includes proficiency (skills 
and knowledge), testing, and evaluation. 

V. Crew Composition Standards (includes decisions about the 
number and types of personnel to be included f o r  a given 
r n ~ s s i ~ ~ / s g s t e m ,  t h e  d i v i s i n n  nf t a s k s  h e t w e p n  them, 
command structure, coordination of work and schedules 
between them, etc.). 

A. Determination o f  Numbers and Types of Personnel 

Includes the criteria f o r  organizir!:< crews. 
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B. Allocation of Tasks  between Crew Members 

Includes distribution of duties and 
tasks between crew members. 

C. Establishment of Work Regimes 

Includes establishment of work-rest 
cycles. 
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The d e f i n i t i o n s  clf human s t a n d a r d s  and a p p l i c a t i o n s  
s t a n d a r d s  i n d i c a t e  t h e  v a r i e t y  of data t h a t  a r e  conce rned  
w i t h  t h e  use, s u p p o r t  arid p r o t e c t i o n  o f  man i n  t h e  d e s i g n  
o f  a sys tem.  They a l s o  s u g g e s t  t h a t  a w i d e  v a r i e t y  of  
s c i e n t i f i c  and t e c h n i c a l  p e o p l e  a r e  r e q u i r e d  to i n t e r p r e t  and  
a p p l y  t h e  s t a n d a r d s  t o  t h e  s p e c i f i c  sys t em d e s i g n  or crew 
r e l a t ed  problems.  The u l t i m a t e  g o a l  i n  many a reas ,  as 
has a l r e a d y  i n d i c a t e d ,  i s  t o  t r a n s f o r m  t h e  human s t a n d a r d s  
i n t o  a p p l i c a t i o n s  s t a n d a r d s ;  i . e . ,  i n t o  a form t h a t  i s  
d i r e c t l y  u s a b l e  b y  d e s i g n  e n g i n e e r s ,  m i s s i o n  p l a n n i n g  and 
o p e r a t i o n s  p e r s o n n e l ,  t r a i n i n g  s p e c i a l i s t s ,  and sys t em t e s t  
p e r s o n n e l ,  I n  o t h e r  areas t h i s  i s  n o t  r e q u i r e d .  And i n  
s t i l l  o t h e r  a r e a s  i t  has a l r e a d y  been  l a r g e l y  accompl i shed  
( e . g . ,  c r i t e r i a  f o r  t h e  s e l e c t i o n  and /o r  d e s i g n  of d i s p l a y s  
and c o n t r o l s ) .  There a r e ,  however,  many areas  i n  which t h i s  
t r a n s f o r m a t i o n  s t i l l  remains  t o  b e  done ,  and i t  i s  improbab le  
t h a t  it can b e  comple ted  i n  t h e  f o r e s e e a b l e  f u t u r e .  There-  
f o r e ,  a team o f  s p e c i a l i s t s  w i l l  c o n t i n u e  t o  be  r e q u i r e d  t o  
i n s u r e  t h e  a p p r o p r i a t e  a p p l i c a t i o n  o f  da t a  a b o u t  man t o  t h e  
d e s i g n  and  o p e r a t i o n  o f  t hese  s y s t e m s .  

I n  t h e  a r e a s  concerned  w i t h  t h e  u s e  of human s t a n d a r d s  
t h i s  requires  s p e c i a l i s t s  who a re  more knowledgeable  abou t  
t h e  human b e i n g  and l e s s  s o  a b o u t  t h e  e n g i n e e r i n g  and o t h e r  
a p p l i c a t i o n s  a s p e c t s  - b u t  n e v e r t h e l e s s  aware o f  t h e  t e c h n o l o g -  
i c a l  and o p e r a t i o n a l  c o n s t r a i n t s  imposed b y  t h e  hardware and  
p e r s o n n e l .  T h i s  i n c l u d e s  p e r s o n s  who a re  t r a i n e d  i n  t h e  
more t r a d i t i o n a l  a r e a s  o f  p h y s i o l o g y ,  p sycho logy ,  and a n t h r o -  
po logy and o t h e r  r e s e a r c h  o r i e n t e d  areas .  For t h e  u s e  o f  
t h e  a p p l i c a t i o n s  s t a n d a r d s  t h i s  r e q u i r e s  t h e  more e n g i n e e r i n g l y  
o r i e n t e d  p e r s o n ,  t h e  m e d i c a l  p r a c t i t i o n e r ,  t h e  human e n g i n e e r  
and t h e  o t h e r  t y p e s  o f  p e r s o n n e l  more c l o s e l y  a s s o c i a t e d  w i t h  
t h e  a c t u a l  d e s i g n  and o p e r a t i o n  o f  a sys t em and t h e  s e l e c t i o n  
and t r a i n i n g  o f  c rews .  
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U t i l i z a t i o n  of  t h e  S t a n d a r d s  Data Base: A H y p o t h e t i c a l  Example 

An e f f e c t i v e  means o f  d e s c r i b i n g  for t h e  reader  t h e  t y p e  
of  human s t a n d a r d s  data base and data h a n d l i n g  sys t em p roposed  
here  i s  t o  assume t h a t  i t  i s  i n  e x i s t e n c e  and  d e m o n s t r a t e  how 
i t  would be used  i n  t h e  s t o r a g e  and r e t r i e v a l  o f  data. '  With 
t h i s  as background,  i t  w i l l  then be  p o s s i b l e  t o  compare what 
i s  a v a i l a b l e  now w i t h  t h e  proposed  p l a n  and t h e r e b y  p r o v i d e  t h e  
background for d e s c r i b i n g  Phase 2 o f  t h e  p r o j e c t .  F i g u r e  2 
summarizes  t h e  data r e t r i e v a l  p r o c e s s  d e s c r i b e d  i n  t h e  f o l l o w i n g  
p a r a g r a p h s .  

S t e p  1: A n a l y s i s  of  a Manned Space F l i g h t  M i s s i o n  t o  
Determine Human Involvement  

Beg inn ing  w i t h  t h e  c o n c e p t u a l  phases of t h e  s y s t e m  d e s i g n  
and development  p r o c e s s ,  a g e n e r a l  d e s c r i p t i o n  i s  prepared  
of t h e  m i s s i o n  or m i s s i o n s  t o  be pe r fo rmed  by  t h e  s y s t e m  and 
t h e  t y p e s  of  f u n c t i o n s  t h a t  must be pe r fo rmed  by t h e  s y s t e m .  
AS these  c o n c e p t s  become more r e f i n e d ,  i t  i s  p o s s i b l e  t o  b e g i n  
t o  i d e n t i f y  t h e  r o l e  of  man i n  t h e  s y s t e m  and  t h e  o p e r a t i n g  
c o n d i t i o n s  t o  which he w i l l  be s u b j e c t e d .  S p e c i f i c a l l y ,  t o  
f u l l y  c o n s i d e r  t h e  u s e ,  s u p p o r t ,  and p r o t e c t i o n  o f  man i n  t h e  
s p a c e  f l i g h t  env i ronmen t ,  i t  i s  n e c e s s a r y  t o  i d e n t i f y  t h e  

f o l l o w i n g  : 2 

a )  The p h y s i c a l  e n v i r o n m e n t a l  c o n d i t i o n s  t o  which t h e  
crew w i l l ,  or may b e ,  s u b j e c t e d ,  

b )  The t a sks  t h a t  t h e  crew w i l l  be  r e q u i r e d  t o  p e r f o r m ,  
i n c l u d i n g  t h e  c o n d i t i o n s  unde r  which t h e y  w i l l ,  
o r  may b e ,  pe r fo rmed ,  and 

c )  The s y s t e m s  and equipments  t h a t  t h e  crew w i l l  
i n t e r f a c e  w i t h ,  or i n t e r a c t  w i t h  d u r i n g  t h e  
m i s s  i o n .  

'The data base d e s c r i b e d  here  i s  assumed t o  b e  l i m i t e d  t o  
c r i t e r i a  r e q u i r e d  f o r  t h e  d e s i g n  and  o p e r a t i o n  o f  s p a c e c r a f t ,  crew 
s y s t e m s ,  and t h e  s e l e c t i o n ,  t r a i n i n g ,  and  o r g a n i z a t i o n  of f l i g h t  
c rews .  
t h i s  r e p o r t  t o  o t h e r  d e s i g n  a r e a s  w i l l  b e  t r ea t ed  l a t e r  i n  t h i s  

The g e n e r a l  a p p l i c a b i l i t y  o f  t h e  c o n c e p t s  d i s c u s s e d  i n  

n r r n a n C  
I L p W L  u. 

' O u t l i n e s  of t h e  l i s t s  o f  d e s c r i p t o r s  f o r  these  c a t e g o r i e s  
t h a t  have  been g e n e r a t e d  t o  date i n  t h i s  p r o j e c t  are c o n t a i n e d  
i n  Appendices  A ,  B ,  and  C .  



- 28 - 

L 

_ . I 1  I I I I 

!* L f  



P 

BELLCOMM. I N C .  - 29 - 

T a b l e  3 i n d i c a t e s  how a g i v e n  skiace f l i g k l t  m i s s i o n  ( i r t  

L h i s  c a s e  t h e  A 2 o l l c  Lunar  Landing M i s s i o n )  mit;ht be a n a l y z e d  
t o  s y s t e m a t i c a l l y  i d e n t i f y  t h i s  t y p e  of i n f c m a t i o n .  T h i s  
t a b l e  p r o v i d e s  a c k i e c k l i s t  f o r  e s t a b  Lisk1iag whether  a g i v e n  
e n v i r o n m e n t a l ,  pe r fo imance  , or hardware c a t e g o r y  i s  i n v o l v e d  
i n  t h e  m i s s i o n . '  A 1 i n d i c a t e s  t h a t  i t  i s ;  an  - 0 t h a t  i t  i s  
n o t  i n v o l v e d  i n  t h e  p a r t i c u l a r  m i s s i o n / s y s t e m .  

F o r  e a c h  c e l l  i n  t h i s  t a b l e  which c o n t a i n s  a 1 da ta  s h o u l d  
be  o b t a i n e d  as e a r l y  as p o s s i b l e  i n  t h e  d e s i g n  p r o c e s s  which 
d e s c r i b e s  t h e  f a c t o r s  i n v o l v e d  w i t h i n  t h e  c a t e g o r y .  

For example,  i f  v i b r a t i o n  is  e x p e c t e d  d u r i n g  t h e  b o o s t  
phase  o f  t h e  m i s s i o n  (as  i t  i s ,  i n  f a c t ,  i n  t h e  example i n  
T a b l e  3 ) ,  da ta  s h o u l d  b e  o b t a i n e d  which d e s c r i b e s  t h e  d u r a t i o n ,  
f r e q u e n c y ,  a m p l i t u d e ,  and  s p e c t r a l  c h a r a c t e r i s t i c s  o f  t h e  
v i b r a t i o n  e x p e c t e d .  Also, t h e  d i r e c t i o n  and  p o i n t  o f  a p p l i c a t i o n  
o f  t h e  v i b r a t i o n  t o  t h e  body shou ld  be d e t e r m i n e d .  

For t h e  crew t a s k s  t h e  d e s c r i p t i o n s  s h o u l d  b e  s u f f i c i e n t l y  
d e t a i l e d  t h a t  t h e y  i n d i c a t e  t h e  s e n s i n g ,  p r o c e s s i n g ,  and 
r e s p o n s e  e l e m e n t s  i n v o l v e d  as w e l l  as any q u a n t i t a t i v e  i n f o r -  
m a t i o n  t h a t  can  be  i d e n t i f i e d  ( e . g . ,  t a s k  d u r a t i o n ,  t ask  l o a d i n g ,  
l i g h t i n g  c o n d i t i o n s ,  e t c . ) .  

For t h e  hardware w i t h  which t h e  crew i n t e r f a c e s ,  t h i s  
s h o u l d  i n c l u d e  as p r e c i s e  a d e s c r i p t i o n  as t h e  d e s i g n  p h a s e  
o f  t h e  s y s t e m  p e r m i t s .  

T h e  c o l l e c t i o n  o f  t h e s e  da ta  i s  an  i t e r a t i v e  p r o c e s s  and 
must b e  r e p e a t e d  as t h e  d e s i g n  p r o g r e s s e s  u n t i l  a l l  o f  t h e  
d e s i g n  and  o p e r a t i o n a l  p a r a m e t e r s  have been p r e c i s e l y  d e f i n e d .  
Some d e s i g n  and o p e r a t i o n a l  p a r a m e t e r s  must b e  a c c e p t e d  as g i v e n  
( e . g . ,  w e i g h t l e s s n e s s ) ,  and  t h e r e f o r e  means must be p r o v i d e d  f o r  
i n s u r i n g  t h a t  t h e r e  i s  a m i n i m u m  o f  i n t e r f e r e n c e  w i t h  t h e  
f u n c t i o n i n g  o f  t h e  crew. Other f a c t o r s ,  s u c h  as t h e  t y p e  o f  
t ask  o r  t h e  d e s i g n  o f ' d i s p l a y s  can be m a n i p u l a t e d  w i t h i n  c e r t a i n  
l i m i t s  u n t i l  t h e  d e s i g n  f o r  t h e  s y s t e m  has been  f r o z e n .  Many 

' A l l  s y s t ems  i n c l u d i n g  manned s p a c e  f l i g h t  s y s t e m s  , e s s e n t i a l l y  
unde rgo  t h i s  t y p e  of a n a l y s i s  and s y n t h e s i s .  However, i n  p r a c t i c e  
i t  i s  much more c o m p l i c a t e d  t h a n  t h i s  c o n c e p t u a l i z a t i o n  o f  t h e  
p r o c e s s  i n c l i r g t e s .  T , i t e r a l l v  thousands  o f  s c i e n t i s t s  and e n g i n e e r s  
may b e  i n v o l v e d .  The o b j e c t i v e  o f  t h i s  approach  i s  s imply  t o  
d e m o n s t r a t e  t h a t  s u c h  a n  a n a l y s i s  can  be done on a s y s t e m a t i c  basis  
if t h e  data  r e q u i r e m e n t s  a r e  made e x p l i c i t .  
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TABLE 3C: ANALYSIS OF MANNED SPACE FLIGHT M I S S I O N S  AND SYSTEMS TO CETERMINE 
SIGNIFICANT, ENVIRONMENTAL, CREW PERFORMANCE, AND EQUIPMENT 
CATEGORIES (BASE0 ON APOLLO LUNAR LANDING MISSIONS):  
INTERFACE EQUIPMENT CATEGORIES 

3 

I PHASE 1: PRELAUNCH 

a + z  

Ln-V 

m 3  
G O  

0 0  

1 1  

1 1  

0 0  

1 1  

1 1  

1 1  

0 0  

0 0  

GARMENTS/ PRESSUREGARMENT 0 0 0 0 
PORTABLE 
LIFE R.4OlATlON GARMENT 0 0 0 0 
S U PPORT 0 

EQUIPMENT : 
PORTABLE LIFE 
SUPPORT EQUIPMENT 

0 0  

COUCH/ RESTRAINT 
EQUIPMENT 

m c r  
2 2 2  

0 0  

1 1  

1 1  

0 0  

1 1  

1 1  

1 1  

0 0  

PANELS 0 0 0 0  

DISPLAYS 0 0 0 0  
S PACECRAFl 

m c r  SJSZ 

a 
0 
0 

N 

e 
e 
e 

e 
e 

TOOLS 0 0 0 0  

0 0 0 0  
SC IENTlFlC 

PORTABLE I NST R UMEMS 

O D  

1 1  

1 1  

O D  

1 1  

1 1  

1 1  

0 0  

0 0  

*KEY: 1 RELEVAM 

0 - NOT RELEVANT 

2$s m r r  

0 0  

1 1  

1 1  

0 0  

1 1  

1 1  

1 1  

0 0  

0 0  

PHPSE 2: LAUNCH 'HASE N 
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o f  t h e s e  f a c t o r s  aye  a p r imary  conce rn  o f  t h e  human f a c t o r s  
s p e c i a l i s t s  who w i l l  p a r t i c i p a t e  i n  t h e i r  m a n i p u l a t i o n  ( u s i n g  
t h e  human s t a n d a r d s  as g u i d e l i n e s )  u n t i l  a s a t i s f a c t o r y  b l e n d  
o f  s y s t e m  d e s i g n  and o p e r a t i o n ,  and crew u s a g e  and s u p p o r t  i s  
a c h i e v e d .  

S t e p  2 :  A n a l y s i s  o f  t h e  Human Involvement  t o  Determine  
Re levan t  Human S tanda rds  C a t e g o r i e s  

Once t h e  e n v i r o n m e n t a l ,  crew pe r fo rmance ,  and equipment  
i n t e r f a c e  c a t e g o r i e s  t h a t  are r e l e v a n t  t o  a p a r t i c u l a r  
mi s s ion - sys t em combina t ion  have been  i d e n t i f i e d ,  t h e n  t h e  n e x t  
s t e p  i s  t o  r e l a t e  them by means o f  a second  s e t  o f  t a b l e s  t o  
t h e  human s t a n d a r d s  c a t e g o r i e s .  T a b l e  4 i n d i c a t e s  c o n c e p t u a l l y  
how t h i s  l i n k  can  b e  made. The same e n v i r o n m e n t a l ,  pe r fo rmance ,  
and equipment  c a t e g o r i e s  are l i s t e d  as row h e a d i n g s .  The column 
h e a d i n g s  i n  t h i s  c a s e  c o n t a i n  t h e  human s t a n d a r d s  c a t e g o r i e s  and 
a s e c t i o n  number t h a t  i d e n t i f i e s  where t h e  a c t u a l  s t a n d a r d s  
data w i l l  be  l o c a t e d .  For each o f  t h e  row h e a d i n g s  t h a t  are  
r e l e v a n t  t h e  u s e r  s h o u l d  examine e a c h  row-column i n t e r s e c t i o n .  
H e  w i l l  f i n d  one o f  f i v e  r a t i n g s  a t  e a c h  i n t e r s e c t i o n . '  These 

'It i s  i m p o r t a n t  t o  p o i n t  ou t  t h a t  r a t i n g s  o f  t h i s  t y p e  must 
b e  based on t h e  judgment  o f  s c i e n t i f i c  and  t e c h n i c a l  p e r s o n n e l  
i n  a v a r i e t y  of f i e l d s  i n  o r d e r  t o  e s t a b l i s h  a h i g h  d e g r e e  o f  
v a l i d i t y  and r e l i a b i l i t y .  Hence a c o n s i d e r a b l e  number o f  r e p r e s e n t a -  
t i v e  judgments  w i l l  b e  r e q u i r e d  b e f o r e  a h i g h  degree o f  c o n f i d e n c e  
can  b e  p l a c e d  i n  them. I n  a d d i t i o n ,  t h e  problem o f  d e v e l o p i n g  a 
u s e f u l  s e t  of d e s c r i p t o r s  f o r  human pe r fo rmance  i s  a d i f f i c u l t  one 
t o  s o l v e .  N e v e r t h e l e s s ,  by  one means or a n o t h e r ,  i t  i s  n e c e s s a r y  
i n  s y s t e m s  d e s i g n  and o p e r a t i o n  t o  i d e n t i f y  t h e  t y p e s  o f  human 
pe r fo rmance  ( e . g . ,  v i s u a l  d e t e c t i o n  and i n t e r p r e t a t i o n ,  or eye-hand 
c o o r d i n a t i o n ,  e t c . )  i n v o l v e d  i n  t h e  tasks t h a t  are  a s s i g n e d  t o  t h e  
crew. It i s  n o t  p o s s i b l e  t o  d e r i v e  much pe r fo rmance  i n f o r m a t i o n  
from t y p i c a l  t ask  s t a t e m e n t s  such as:  "Per form n a v i g a t i o n a l  s i g h t i n g  
u s i n g  t h e  s e x t a n t . "  It i s  n e c e s s a r y  t o  d e t e r m i n e  t h e  b e h a v i o r a l  
c o n t e n t  of these tasks b e f o r e  it i s  p o s s i b l e  t o  r e l a t e  t a sk  
i n f o r m a t i o n  t o  human performance and t h e n ,  i n  t u r n ,  t o  t h e  human 
s t a n d a r d s  c a t e g o r i e s .  However, i t  i s  p o s s i b l e  t o  g e n e r a t e  a 
r e l a t i v e l y  g r o s s  s e t  of human per formance  d e s c r i p t o r s  t h a t  w i l l  
s e r v e  as a r e t r i e v a l  t o o l  u n t i l  a b e t t e r  one can  b e  deve loped .  
Appendix B l i s t s  t h e  d e s c r i p t o r s  t h a t  have  been  deve loped  t o  d a t e  
f o r  t h i s  p r o j e c t .  
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TABLE 4: Dt i tRMlNAT lON OF THE RELATIONSHIPS BETWEEN THE ENVIRONMNTAL, 
PERFORMANCE, AND EQUIPMENT CATEGORIES AND THE HUMAN 
STANDARDS CATEGORIES :INTERFACE EQUl PMENT CATEGORIES 

1 PART 1: ANTHROPO- 11 PART 2: PHYSIOLOGICAL 11 PART 3: PSYCHOLOGICAL 11 PART 4: ENVIRONMENTAL 
I METRIC STANDARDS 11 STANDARDS 11 STANDARDS II STANDARDS 

*KEY: 3 . RELATIONSHIP I S  CRITICAL TO CONSIDER IN DESIGN, OPERATION, ETC.; 1 . RELATIONSHIP I S  DESIRABLE TO CONSIDER 

0 - UNRELATED THEREFORE, CONSULT SECTION CITED IN COLUMN HEADING 

2 - RELATIONSHIP I S  IMPORTANT TOCONSIDER 
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are  t o  be i n t e r p r e t e d  as follows: 

- ? i n d i c a t e s  t h a t  t h e  r e l a t i o n s h i p  b e t . . - e n  t h e  e n v i r  
ment ,  pe r fo rmance ,  o r  equipment c a t e g o r y  and  t h e  
human s t a n d a r d s  c a t e g o r y  has n o t  been  e s t a b l i s h e d ;  
and t h e r e f o r e ,  f u r t h e r  a n a l y s i s  a n d / o r  r e s e a r c h  i s  
r e q u i r e d .  

n- 

3 - i n d i c a t e s  t h a t  t h e  human s t a n d a r d s  c a t e g o r y  i s  c o n s i d e r e d  
c r i t i c a l  i n  t h a t  f a i l u r e  to c o n s i d e r  i t  i n  t h e  d e s i g n  
o f  o p e r a t i o n  of t h e  s p a c e c r a f t  and crew s y s t e m s ,  or 
i n  t h e  s e l e c t i o n  and/or  t r a i n i n g  o f  t h e  crew c o u l d  b e  
e x p e c t e d  t o  s e r i o u s l y  degrade  t h e  pe r fo rmance  o f  t h e  
crew, j e o p a r d i z e  t h e i r  s a f e t y ,  o r  c o n c e i v a b l y ,  c o u l d  
r e s u l t  i n  m i s s i o n  f a i l u r e .  

- 2 i n d i c a t e s  t h a t  t h e  human s t a n d a r d s  c a t e g o r y  i s  c o n s i d e r e d  
i m p o r t a n t  i n  t h e  s e n s e  t h a t  f a i l u r e  t o  c o n s i d e r  i t  c o u l d  
deg rade  pe r fo rmance  of t h e  crew b u t  n o t  n e c e s s a r i l y  
j e o p a r d i z e  t h e i r  safety or p r e v e n t  m i s s i o n  s u c c e s s .  

- 1 i n d i c a t e s  t h a t  t h e  human s t a n d a r d s  c a t e g o r y  i s  desirable  
t o  c o n s i d e r  i f  s c h e d u l e s ,  c o s t s ,  s t a t e - o f - t h e - a r t ,  e t c . ,  
make i t  f eas ib l e .  Most of t h e s e  are  comfor t  and 
conven ience  f e a t u r e s .  

- 0 i n d i c a t e s  t h a t  t h e  human s t a n d a r d s  c a t e g o r y  r e p r e s e n t e d  
by t h e  column h e a d i n g  is  n o t  r e l e v a n t  t o  t h e  p a r t i c u l a r  
env i ronmen t ,  per formance ,  or equipment  c a t e g o r y ;  and 
t h e r e f o r e ,  t h a t  t h e  human s t a n d a r d s  c a t e g o r y  need n o t  be  
c o n s i d e r e d .  

With t hese  r a t i n g s  t h e  u s e r  i s  a b l e  to d e t e r m i n e ,  on a 
p r i o r i t y  bas i s ,  which of t h e  s t a n d a r d s  s e c t i o n s  s h o u l d  be  
c o n s u l t e d .  The u s e r  t h e n  should  examine e a c h  of t h e  i n d i v i d u a l  
s e c t i o n s .  

S t e p  3: I n t e r p r e t a t i o n  of t h e  Human S t a n d a r d s  

W i t h i n  e a c h  s e c t i o n  o f  t h e  human s t a n d a r d s  data  base t h e  
u s e r  w i l l  f i n d  t h e  f o l l o w i n g  o r g a n i z a t i o n :  

a) Summary S t a n d a r d s  

b )  D e f i n i t i o n s  and Measures 

c >  Methods 

j St aiiciards 

e )  R e f e r e n c e s  
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The c o n t e n t  o f  each  o f  t h e s e  s e c t i o n s  t y p i c a l l y  w i l l  b e  
a s  f o l l o w s :  

Summary S t a n d a r d s  

The summary i s  c o n f i n e d  t o  p r o v i d i n g  condensed 
q u a . l i t a t i v e  or q u a n t i t a t i v e  da t a  i n  t h e  form o f  f i g u r e s ,  t a b l e s ,  
and n a r r a t i v e  which d e f i n e  t h e  b a s i c  r e q u i r e m e n t s  or capa- 
b i l i t i e s  p e r t i n e n t  t o  t h e  p a r t i c u l a r  human s t a n d a r d s  c a t e g o r y .  
F i g u r e s  3 and 4 p r o v i d e  examples  o f  t h e s e  summary s t a n d a r d s .  

To d e t e r m i n e  i f  t h e s e  summary s t a n d a r d s  a re  s u f f i c i e n t  
for t h e  p a r t i c u l a r  a p p l i c a t i o n  t h e  f o l l o w i n g  c o n d i t i o n s  must b e  
me t :  

a )  The s t a n d a r d  can  be  a p p l i e d  d i r e c t l y  t o  t h e  d e s i g n  
or o p e r a t i o n a l  s i t u a t i o n  w i t h o u t  q u a l i f i c a t i o n .  For example ,  

f o r  a g iven  i n d i v i d u a l  o r  p o p u l a t i o n ,  f a l l  w i t h i n  t h i s  c a t e g o r y .  
t h e  p h y s i c a l  d imens ions  o f  man, which r e p r e s e n t  f i x e d  v a l u e s  1 

b )  The b o u n d a r i e s  s p e c i f i e d  by t h e  s t a n d a r d  a re  n o t  
approached  o r  exceeded  by t h e  d e s i g n  o r  o p e r a t i o n  o f  t h e  s y s t e m .  
F o r  example,  i f  even  u n d e r  t h e  most s e v e r e  l i g h t i n g  ( i . e . ,  
e n v i r o n m e n t a l )  c o n d i t i o n s  e x p e c t e d  t h e  v i s u a l  t a sks  r e q u i r e d  o f  
t h e  crew f a l l ' w e l l  w i t h i n  t h e  v i s u a l  a c u i t y  r a n g e  o f  t h e  c rew,  
t h e n  t h e  s t a n d a r d  for v i s u a l  a c u i t y  may b e  s u f f i c i e n t  by i t s e l f .  

c )  The human s t a n d a r d s  c a t e g o r y  d o e s  n o t  i n t e r a c t  
s i g n i f i c a n t l y  w i t h  o t h e r  p h y s i o l o g i c a l  or per fo rmance  c a t e g o r i e s  
o r  w i t h  env i ronmen ta l ,  o p e r a t i o n a l ,  or hardware c a t e g o r i e s .  
F o r  example,  combina t ions  o f  h e a t  and  a c c e l e r a t i o n  produce  
g r e a t e r  decrements  i n  per formance  t h a n  o c c u r  u n d e r  e a c h  s t r e s s  
a l o n e ;  t h e r e f o r e ,  t h e  s t a n d a r d s  which t r e a t  t h e s e  c a t e g o r i e s  
may need  t o  b e  c o n s i d e r e d  t o g e t h e r .  

2) D e f i n i t i o n s  and Measures  

T h i s  s u b s e c t i o n  c o n t a i n s  t e rms ,  u n i t s ,  and conver -  
s i o n s  t h a t  a r e  e s s e n t i a l  t o  t h e  i n t e r p r e t a t i o n  and a p p l i c a t i o n  

'Even h e r e  t h e r e  i s  some room f o r  i n t e r p r e t a t i o n .  F o r  example,  
c l o t h i n g  and s p a c e  s u i t s  r e q u i r e  a d d i t i o n  o f  some inc remen t  t o  t h e  
nude measurements.  If t h e  d s s i g n  i s  conce rned  w i t h  t h e  s p a c e  s u i t  
i t s e l f ,  t hen  t hese  d imens ions  a re  s u f f i c i e n t .  However, i f  t h e  
d e s i g n  i s  concerned  w i t h  h a t c h e s ,  t h e n  t h e  i n c r e m e n t s  f o r  t h e  
c l o t h i n g  and s p a c e  s u i t  must b e  added t o  t h e  nude measurements .  
Again,  t h i s  i l l u s t r a t e s  t h a t  human f a c t o r s  s p e c i a l i s t s  are  r e q u i r e d  
t o  i n t e r p r e t  t h e  human s t a n d a r d s  f o r  v i r t u a l l y  a l l  s p e c i f i c  d e s i g n  
o r  o p e r a t i o n a l  p rob lems .  
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AVERAGE RESIDENCE 

LOW WHISPER - 5 FT. 
(NO AMBIENT NOISE) 

FREQUENCY (CPS) 

BIANAURAL, AGE 20, 20 DE VARIATION I N  THRESHOLD. (ROBINSON & DAOE, 1956) 
BIANAURAL, AGE 60. (ROBINSDN & DAOE, 1956) 
CONVERSATIONAL SPEECH AT 10-12 FEET, NO AMBIENT NOISE. (WOOOSON, 1964) 
FREQUENCY RANGE FOR AUDITORY SIGNALS; INTENSITY LEVEL MUST BE ABOVE 
AMBIENT NOISE LEVEL BY 20 DB. (NAVWEAPS OOI8413A, 1962) 
EAR PROTECTION MANDATORY, EXPOSURE FOR 8 HRS. +. (USAF AFSCM 80-3, 
MAXIMUM LEVEL FOR INTELLIGIBLE, UNCLIPPEO SPEECH. (MORGAN, 1963) 
THRESHOLD FOR DISCOMFORT: SHORT EXPOSURE TIME. (WOODSON, 1964) 

1964) 

FIGURE 3: FXAMPLE_OF SUM44RY-STANDARDS FOR AUDITION. 
I t i K A r H  nul I U  D t  UJCU - 
‘SCALE AND DATA NOT VERIFIED.) 
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. 

( 3 )  

( 7 )  

( 8 )  

( 9 )  

(10) 

( 1 1 )  

( 2 0 )  

S e a t e d  s u b j e c t s  exposed  f o r  20 mln o r  l e s s  t o  v e r t i c a l  s i n u s o i d a l  m o t i o n .  ( A l e x a n d e r ,  
S .  J . ,  e t  a l .  J .  P s y c h o l .  20:31, 1945. )  
S t a n d i n g  and recumbent  s u b j e c t s  exposed  f o r  s h o r t  d u r a t i o n s  ( 5  min o r  l e s s )  t o  v e r t i c a l  
and h o r i z o n t a l  s i n u s o i d a l  motion (summary o f  Reiher -Meis te r  d a t a ) .  ( B o i t e n ,  G .  G . ,  
B r i t .  Roy. A i r c r a f t  E s t a b .  L i b r a r y  T r a n s l .  695, 1957)  
S t a n d i n g ,  s e a t e d ,  and recumbent s u b j e c t s  exposed f o r  s h o r t  d u r a t i o n s  ( < 2 0  min)  t o  v e r t i c a l  
s i n u s o i d a l  v i b r a t i o n  (summary o f  1 0  o r i g i n a l  s t u d i e s  i n c l u d i n g  R e i h e r - M e i s t e r ,  L i p p e r t ,  
Wendt, and o t h e r s ) .  (Bur ton ,  E .  F . ,  Ride and v i b r a t i o n  d a t a .  Ed. 2 .  R i d i n g  Comfort 
Research  Committee, S o c i e t y  o f  Automotive E n g i n e e r s ,  N e w  York. pp. 18-27, 1950. )  
Recumbent s u b j e c t s  exposed f o r  s h o r t  d u r a t i o n s  t o  v e r t i c a l  s i n u s o i d a l  mot ion .  ( C l a r k ,  
J .  G . ,  e t  a l .  Aerospace Med. 36:140, 1 9 6 5 . )  
S e a t e d  s u b j e c t s  exposed  f o r  10-min p e r i o d s  t o  v e r t i c a l  s i n u s o i d a l  m o t i o n .  (Coermann, 
R .  R . ,  E .  B .  Magid, and K .  0 .  Lange. Human F a c t o r s  4:315,  1 9 6 2 . )  
S u b j e c t s  s e a t e d  i n  m i l i t a r y  a i r c r a f t  exposed f o r  p e r i o d s  o f  approx  1 h r  t o  f l i g h t - i n d u c e d  
v i b r a t i o n ,  p r i m a r i l y  i n  t h e  v e r t i c a l  d i r e c t i o n .  ( G e t l i n e ,  G .  L . ,  U .  S .  Dept .  Defense  
Shock V i b r a t i o n  B u l l .  22 ( S u p p l . ) ,  1 9 5 5 . )  
S t a n d i n g ,  s e a t e d ,  and recumbent s u b j e c t s  exposed f o r  p e r i o d s  o f  5-20 min t o  v e r t i c a l  o r  
h o r i z o n t a l  v i b r a t i o n  (summary a v e r a g i n g  OP v a r i o u s  d a t a  from R e i h e r - M e i s t e r  and o t h e r s ) .  
(Goldman, D .  E . ,  and H.  E .  von G i e r k e .  Naval Med. Res. I n s t .  L e c t u r e  Rev. S e r .  60-3, 1 9 6 0 . )  
S e a t e d  s u b j e c t s  exposed f o r  s h o r t  d u r a t i o n s  t o  v e r t i c a l  v i b r a t i o n .  ( H a r r i s ,  C .  S . ,  and 
R .  W .  Shoenberger .  AMRL Mem. P-73, 1 9 6 4 . )  
S t a n d i n g  and s e a t e d  s u b j e c t s  exposed f o r  p e r i o d s  o f  5 min o r  l ess  t o  v e r t i c a l  s i n u s o i d a l  
v i b r a t i o n .  (Janeway,  R .  N . ,  Ride and v i b r a t i o n  d a t a .  Ed. 2. R i d i n g  Comfort R e s e a r c h  
Commit tee ,  S o c i e t y  o f  Automotive E n g i n e e r s ,  New York, pp .  18-27, 1 9 5 0 . )  
S e a t e d  s u b j e c t s  exposed  f o r  p e r i o d s  o f  approx 1 min t o  v e r t i c a l  s i n u s o i d a l  v i b r a t i o n .  
(Lange ,  K .  O . ,  and R .  R .  Coermann. Human F a c t o r s  4 :291 ,  1 9 6 2 . )  
S t a n d i n g  and s e a t e d  s u b j e c t s  exposed f o r  s h o r t  d u r a t i o n s  t o  v e r t i c a l  o r  h o r i z o n t a l  
s i n u s o i d a l  mot ion  (summary combina t ion  o f  l i m i t s  f rom L i p p e r t ,  Goldman, WADC, and o t h e r s . )  
( L i n d e r ,  G .  S . ,  Aerospace Med. 33:939,  1962. )  

. S e a t e d  s u b j e c t s  exposed f o r  p e r i o d s  o f  1 min t o  v e r t i c a l  s i n u s o i d a l  v i b r a t i o n .  
(Magid, E .  B . ,  R .  R .  Coermann, and  G .  H. Z iegenruecker ,  I b i d .  31:915,  1 9 6 0 . )  
S e a t e d  s u b j e c t s  exposed f o r  s h o r t  d u r a t i o n s  t o  v e r t i c a l  v i b r a t i o n .  (Nixon,  C .  W . ,  
J .  A u d i t o r y  Res. 2 :78 ,  1 9 6 2 . )  
S e a t e d  s u b j e c t s  exposed  f o r  s h o r t  d u r a t i o n s  t o  v e r t i c a l  v i b r a t i o n .  (Nixon,  C .  W . ,  and 
H .  C .  Sommer. AMRL-TDH-63-49, 1963.  
Recumbent s u b j e c t s  exposed f o r  s h o r t  d u r a t i o n s  t o  v e r t i c a l  and h o r i z o n t a l  v i b r a t i o n .  
(Nixon,  C .  W . ,  and H .  C .  Sommer. Aerospace Med. 34:1012, 1 9 6 3 . )  
S t a n d i n g  s u b j e c t s  exposed f o r  s h o r t  d u r a t i o n s  ( < 5  min)  t o  v e r t i c a l  s i n u s o i d a l  motion 
(summary o f  R e i h e r - M e i s t e r  d a t a ) .  
A i r l i n e  p a s s e n g e r s  exposed f o r  c o n t i n u o u s  p e r i o d s  of 1 0 0  min p r i n c i p a l l y  t o  v e r t i c a l  
v i b r a t i o n .  ( N o t e s s ,  C .  B . ,  and P .  C .  Gregory. SOC. Automotive Engrs .  P a p e r  679C, 1 9 6 3 . )  
Recumbent s u b j e c t s  exposed  f o r  p e r i o d s  o f  1 -2  min t o  v e r t i c a l  and h o r i z o n t a l  v i b r a t i o n .  
(Taub,  H .  A .  AMRL-TDR-64-70, 1 9 6 4 . )  
Recumbent s u b j e c t s  exposed f o r  p e r i o d s  o f  1 -2  min t o  v e r t i c a l  and h o r i z o n t a l  v i b r a t i o n  
a t  i n c r e a s i n g  a m p l i t u d e  up t o  t h e  maximum v o l u n t a r y  t o l e r a n c e .  (Temple,  W. E . ,  e t  a l .  
Aerospace  Med. 35:923,  1 9 6 4 . )  
V i b r a t i o n  l i m i t s  ( g e n e r a l  summary). (Von Gierke ,  H .  E .  Arch. E n v i r o n .  H e a l t h  11:327,  
1965.1 

( N o t e s s ,  C .  B.  C o r n e l 1  Aeron. Lab. M e r n .  FDM-343, 1 9 6 3 . )  
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of the standards. Appendix F provides an example of these 
definitions from the standards on vibration. 

3) Methods 

This subsection contains descriptions - or references 
to where descriptions will be found - of the methods required 
for the interpretation and application of the standards. These 
are of three general types: 

a) Methods which are essential for determination 
of the relevancy of a particular standard. 

This includes the general indexing system described 
so far in this report, plus an additional submatrix for each 
section of the standards. This table or submatrix is intended 
to provide the user with a method for determining more concisely 
how or what aspects of the human standard is applicable to his 
particular design situation. For qualitative situations this 
consists of providing detailed principles or guidelines. For 
quantitative situations this indicates what parameters are 
relevant and within what ranges. Table 5 provides an example 
of one of these submatrices, in this case, the one applicable 
to the use of vibration standards. From this table it can be 
seen that the subcategories for vibration, plus other factors 
relevant to vibration, have been expanded in the row headings. 
For the column headings the human standards categories have been 
included which have been demonstrated through research to be 
affected by vibration. The cell intersections indicate the 
degree of relationship using the same rating system described 
in Step 2. The location of the data, in turn, is determined 
by means of the section numbers in the column and/or row 
headings. 

b) Methods for establishing a human standard. 

This includes, for example, the specification of 
experimental designs or test designs for establishment of an 
acceptable standard. For many areas primarily in the human 
performance areas, it is impossible to specify a meaningful 
standard in this type of data base. Instead, it is necessary 

or type of performance. 
to sei up a Lest s i i u a i i v r i  f'oi- GzteiYiiliiiiig aii acceptable 1 e ~ ~ l  

e> Methods for determining conformance with a standard. 

This includes the determination of a "figure-of- 
merit" or "design index." For example, the computation of an 
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" a r t i c u l a t i o n  index"  o r  " speech  i n t e r f e r e n c e  l e v e l "  to d e t e r m i n e  
t h e  i n t e l l i g i b i l i t y  o f  s p e e c h  i s  one f i g u r e  of  m e r i t  f o r  
a s s e s s i n g  t h e  adequacy of v e r b a l  communicat ions u n d e r  t h e  
o p e r a t i o n a l  c o n d i t i o n s  e x p e c t e d  i n  a s p a c e c r a f t .  

4) S t a n d a r d s  

T h i s  s u b s e c t i o n  c o n t a i n s  t h e  d e t a i l e d  da ta  on which t h e  
summary s t a n d a r d s  a re  based  and s h o u l d  b e  c o n s u l t e d  by t h e  u s e r  
i f  t h e  summary s t a n d a r d s  do n o t  p r o v i d e  him w i t h  s u f f i c i e n t  
g u i d a n c e .  F i g u r e  5 ,  6 ,  7 ,  and 8 i l l u s t r a t e  how t h e s e  s t a n d a r d s  
da t a  are  p r e s e n t e d .  

From t h e s e  f i g u r e s  i t  can  b e  s e e n  t h a t  t h e  o r g a n i z a t i o n  o f  
t h e  s t a n d a r d s  d a t a  w i t h i n  each  s e c t i o n  f o l l o w s  t h e  same b a s i c  

1 p a t t e r n .  

a )  B a s e l i n e  da ta  i n  t h e  a n t h r o p o m e t r i c ,  p h y s i o l o g i c a l  
or p s y c h o l o g i c a l  c a t e g o r y ;  e . g . ,  t h e  "normal"  h e a r i n g  c a p a b i l i t y  
of  t h e  a s t r o n a u t  p o p u l a t i o n  unde r  s t a n d a r d  or s p e c i f i e d  c o n d i t i o n s  
o f  measurement.  

b )  E f f e c t s  o f  p e r s o n a l  v a r i a b l e s  or i n d i v i d u a l  d i f f e r e n c e s  
on t h e  enhancement or r e d u c t i o n  o f  t h e  r e q u i r e m e n t s  or c a p a b i l i t i e s  ; 
e . g . ,  e f f e c t s  of c o n d i t i o n i n g ,  f a t i g u e ,  or t r a i n i n g ,  e t c .  

c )  E f f e c t s  o f  envi ronment  on r e d u c i n g  or i n c r e a s i n g  
r e q u i r e m e n t s  and c a p a b i l i t i e s  from t h e s e  b a s e l i n e s ;  e . g . ,  
r e d u c t i o n  of  speech  i n t e l l i g i b i l i t y  from masking  by n o i s e ;  or 
i n c r e a s e s  i n  oxygen consumption w i t h  i n c r e a s e s  i n  a c t i v i t y  l e v e l ,  e t c .  

d )  E f f e c t s  o f  p r o c e d u r e s  on r e d u c i n g  or i n c r e a s i n g  
t h e  r equ i r emen t  or c a p a b i l i t y ;  e . g . ,  changes  i n  v o c a b u l a r i e s  
to i n c r e a s e  i n t e l l i g i b i l i t y ,  or r e d u c t i o n  o f  workload  or changes  
i n  p r e s s u r e  s u i t  d e s i g n  to r e d u c e  oxygen r e q u i r e m e n t s ,  e t c .  

e )  E f f e c t s  o f  equipment  on e n h a n c i n g  or d e g r a d i n g  t h e  
r e q u i r e m e n t  o r  c a p a b i l i t y ;  e . g . ,  r e d u c t i o n  o f  ambient  n o i s e  b y  
u s e  o f  ea r  p l u g s ,  or u s e  o f  i n t e r c o m m u n i c a t i o n  equipment  t o  
i n c r e a s e  i n t e l  1 i g i  h i  1 i ky . 

The r e s u l t s  o f  combining these  v a r i a b l e s  i s  t o  p r o v i d e  a n  
i n d i c a t i o n  o f  t h e  a c t u a l  (or o b s e r v e d )  r e q u i r e m e n t s  and capa- 
b i l i t i e s  o f  t h e  a s t r o n a u t  unde r  o p e r a t i o n a l  c o n d i t i o n s .  By 

'Environmental  s t a n d a r d s  f o l l o w  a somewhat d i f f e r e n t  p a t t e r n  
s i n c e  t h e y  beg in  w i t h  p h y s i c a l  r a the r  t h a n  human parameters. 
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AVERAGE HEAT OUTPUT (BTUIHOUR) 

D E F I N I T I O N S  

ASLEEF (0.04 TO 0 . 0 5  L B  O,/HR) 

RESTING ( 0 . 0 5  TO 0.07 L B  O,/HR) 

VERY L I G H T  A C T I V I T Y  (BELOW 0.10 

LIGHT ACTIVITY (0. i o  TO 0. i s  LB 

MODERATE A C T I V I T Y  (0. I 9  TO 0.28 

HEAVY A C T I V I T Y  (0.28 TO 0.38 L B  

- RANGES FROM L Y I N G  FULLY RELAXED TO S I T T I N G  AT REST 

L B  O,/HR) - SEATED OR STANDING; E.G., WRITING, TAKING LECTURE NOTES 

O,/HR) - SEATED OR MOVING: E.G., PLAYING MUSICAL INSTRUMENTS, 

L B  O,/HR) - LYING OR MOVING; E.G., CRAWLING, ARMY D R I L L  

SLOW WALKING 

O,/HR) - LYING OR MOVING; E.G. SWIMMING, C L I M B I N G  S T A I R S  ( 1 1 6  S T E P S I M I N )  

VERY HEAVY ACTIVITY (0.38 TO 0.47 LE O,/HR) - SITTING OR MOVING; E.G., CYCLING ( i 3 . 2  MPH), CLIMBING 

UNDULY HEAVY ACTIVITY (OVER 0.47 LB O,/HR) - E.G., WRESTLING, HARVARD STEP TEST 

STAIRS ( -STEPS/MIN) 

CONSTRA I N T S  AND ASSUMPT I OMS 

THE VALUES ARE ADJUSTED FOR A MAN 6 9 ”  T A L L  AN0 WEIGHING 1 6 7 f  (AVERAGE VALUES FOR MERCURY ASTRONAUTS) 

FOR LARGE ASTRONAUTS VALUES SHOULD BE INCREASED BY 7.5% FOR SMALL ASTRONAUTS, DECREASED BY 6%. 

VALUES ARE APPROXIMATE, SINC’E THERE CAN BE AS MUCH AS 30% V A R I A T I O N  BETWEEN MEN PERFORMING THE 
SAME TASK, W I T H  CORRECTION FOR BODYWEIGHT; ALSO THERE MAY BE AS MUCH AS IO TO 15% V A R I A T I O N  
WHEN REPEATED MEASUREMENTS ARE TAKEN ON THE SAME PERSON. 

HIGHER CONSUMPTlON RATES CAN MAlNiA i i i i ib  i i i i T i b  FEZ1688 6: ?!#e, (%E F!!%%-) 

FIGURE 5: OXYGEN REQUIREMENTS AS A FUNCTION 0 F . A C T I V I T Y  LEVEL (BASED ON 
BIOASTRONAUTICS DATA BOOK, 1964, P P  1 7 3 - 1 7 5 )  
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ASSUMPTIONS AND CONSTRAINTS 

(WOULD BE SPELLED OUT IN COMPLETED STANDARDS) 

FIGURE 6: OXYGEN CONSUMPTION AS A FUNCTION OF BODY WEIGHT (F IGURE NOT SCALED) 
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ASSUMPTIONS AND CONSTRAINTS 

CONDITIONS 

I. FORWARD ACCELERATION ( t G x ) ,  B U I L T  UP AT THE RATE OF I G/SEC. 

2. THE G LEVEL WAS HELD FOR I - 2 MINUTES WHILE OXYGEN UPTAKE WAS DETERMINED. 

3. THE CLEAR PORTION OF EACH BAR INDICATES CONTROL OXYGEN CONSUMPTION; THE SHADED AREAS 
SHOW THE ADDITIONAL OXYGEN CONSUMPTION FOR I MINUTE OF G. 

NOTE: 
0 

(BROKEN L I N E S  INDICATE THAT HIGHER ACTIVITY LEVELS 

CONSUMPTION FOR SEVERAL LEVELS OF ACTIVITY SHOULD BE 
D~TERMINED IN ORDER TO COMPLETE CHARTS SUCH AS THIS. 

CANNOT BE REACHED UNDER HIGH G LOADS) 

FIGURE 7: OXYGEN CONSUMPTION AS A FUNCTION OF ACCELERATION FORCES (FIGURE NOT SCALED) 
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ASSUMPTIONS AND CONSTRAINTS 
(WOULD BE SPELLED OUT I N  COMPLETED STANDARDS) 

FIGURE 8: OXYGEN CONSUMPTION AS A FUNCTION OF PRESSURE S U I T S  (FIGURE NOT SCALED) 
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making e x p l i c i t  t h e  m a j o r  v a r i a b l e s  t h a t  are  i n v o l v e d  t h e  
d e s i g n e r  i s  p r o v i d e d  w i t h  more d e g r e e s  o f  f reedom i n  t h e  
d e s i g n  and o p e r a t i o n  o f  t h e  s p a c e c r a f t  and crew s y s t e m s .  

5 )  R e f e r e n c e s  

T h i s  s u b s e c t i o n  c o n t a i n s  r e f e r e n c e s  t o  s o u r c e s  o f  
e x p l a n a t o r y  or s u p p o r t i n g  mater ia l  f o r  t h e  s t a n d a r d s .  

S t e p  4 :  U t i l i z a t i o n  o f  t h e  Human S t a n d a r d s  

If t h e  human s t a n d a r d s  p r o v i d e  t h e  u s e r  w i t h  t h e  i n f o r m a t i o n  
he r e q u i r e s ,  t h e n  t h e  p r o c e s s  becomes one o f  a p p l y i n g  them 
u n t i l  h e  i s  a s s u r e d  t h a t  t h e  d e s i g n  or o p e r a t i o n  o f  t h e  s y s t e m  
i s  w i t h i n  a c c e p t a b l e  b o u n d a r i e s  f o r  t h e  u s e ,  s u p p o r t ,  and  
p r o t e c t i o n  o f  man. 

S t e p  5: D e t e r m i n a t i o n  o f  Re levan t  A p p l i c a t i o n s  S t a n d a r d s  

I f ,  however,  t h e  u s e r  s t i l l  does  n o t  have  t h e  i n f o r m a t i o n  
he r e q u i r e s ,  o r  i n  a form which i s  u s e f u l  t o  h i m ,  he s h o u l d  
c o n s u l t  T a b l e  6 t o  l o c a t e  t h e  r e l e v a n t  a p p l i c a t i o n s  s t a n d a r d s  

I data. I n  t h i s  c a s e  t h e  row head ings  c o n s i s t  o f  t h e  a p p l i -  
c a t i o n s  s t a n d a r d s  c a t e g o r i e s .  That  i s ,  l i f e  s u p p o r t  e n g i n e e r i n g ,  
human e n g i n e e r i n g ,  p r o c e d u r e s  development and d o c u m e n t a t i o n ,  
p e r s o n n e l  s e l e c t i o n  and t r a i n i n g ,  and crew c o m p o s i t i o n  s t a n d a r d s  
c a t e g o r i e s .  A s  b e f o r e ,  t h e  f i v e - p o i n t  r a t i n g  s c a l e  i n d i c a t e s  
t h e  s i g n i f i c a n c e  o f  t h e  r e l a t i o n s h i p .  It  s h o u l d  b e  n o t e d  t h a t  
t h i s  t a b l e  can  be e n t e r e d  from e i t h e r  t h e  rows or columns.  I f ,  
f o r  example,  t h e  u s e r  i s  i n t e r e s t e d  i n  t h e  d e s i g n  o f  a n  e n v i r o n -  
m e n t a l  c o n t r o l  s y s t e m ,  he can  c o n s u l t  t h e  t a b l e  t o  d e t e r m i n e  
what human s t a n d a r d s  c a t e g o r i e s  a r e  s i g n i f i c a n t .  I f  t h e  u s e r  
i s  a l i f e  s c i e n t i s t ,  he may w i s h  t o  e n t e r  t h e  column h e a d i n g s  
t o  d e t e r m i n e  t h e  human s t a n d a r d s  c a t e g o r i e s  t h a t  must be  
c o n s i d e r e d  i n  t h e  s u p p o r t  o f  man i n  t h e  s p a c e  env i ronmen t ,  and 
t h e n ,  i n  t u r n ,  r e l a t e  t h i s  t o  t h e  d e s i g n  f a c t o r s .  

S t e p  6: U t i l i z a t i o n  o f  t h e  A p p l i c a t i o n s  S t a n d a r d s  

Al though t h e  c o n t e n t  o f  t h e  a p p l i c a t i o n s  s t a n d a r d s  i s  
somewhat d i f f e r e n t  t h a n  t h e  human s t a n d a r d s ,  t h e  o v e r a l l  fo rma t  
and c o n t e n t  i n  each  s e c t i o n  i s  s i m i l a r .  T h e r e f o r e ,  t hese  w i l l  
n o t  b e  e l a b o r a t e d  on i n  t h i s  r e p o r t .  Two examples  o f  summary 
s t a n d a r d s  of t h i s  t y p e  are p r e s e n t e d  i n  F i g u r e  9 and T a b l e  7 .  

'An o u t l i n e  o f  t h e  a p p l i c a t i o n s  s t a n d a r d s  c a t e g o r i e s  d e v e l o p e d  
i n  t h i s  p r o j e c t  t o  da t e  are c o n t a i n e d  i n  Appendix E.  
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Development o f  Human S t a n d a r d s  f o r  Manned Space  F l i g h t ;  
Problems t o  be Resolved  

Development o f  t h e  da ta  base  d e s c r i b e d  i n  t h e  p r e c e d i n g  
s e c t i o n  i s  a n  e x t e n s i v e  u n d e r t a k i n g  which w i l l  r e q u i r e  
c o n s i d e r a b l e  r e s o u r c e s  t o  implement .  However, i t  i s  b e l i e v e d  
t h a t  t h e r e  i s  s u f f i c i e n t  j u s t i f i c a t i o n  f o r  t h e  u n d e r t a k i n g ,  
and  t h a t  i t  can  be s u c c e s s f u l  i f  i t  i s  implemented on an  
i n c r e m e n t a l  basis  u t i l i z i n g  a n  e f f i c i e n t  s c h e d u l e  and s u f f i -  
c i e n t  manpower. A t  l e a s t  p o r t i o n s  o f  i t  can  become a s i g n i -  
f i c a n t  t o o l  f o r  t h e  d e s i g n  o f  manned s p a c e  f l i g h t  s y s t e m s  i n  
t h e  r e l a t i v e l y  n e a r  f u t u r e .  There a r e ,  however,  many problems 
which s h o u l d  be r e s o l v e d  a l o n g  t h e  way. These i n c l u d e :  

What areas s h o u l d  be  c o v e r e d  by t h e  s t a n d a r d s ,  
b o t h  from t h e  s t a n d p o i n t  o f  t h e  t o p i c s  t o  b e  
i n c l u d e d  and t h e  t y p e s  o f  s y s t e m s  and f a c i l i t i e s  
t o  which t h e y  shou ld  be a p p l i c a b l e ?  

How s h o u l d  t h e  s t a n d a r d s  b e  f o r m a t t e d  and i n d e x e d ?  

What t y p e  o f  system i s  r e q u i r e d  f o r  t h e  
c o l l e c t i o n ,  p r o c e s s i n g ,  and d i s s e m i n a t i o n  
o f  t h e  s t a n d a r d s ?  

What t y p e s  o f  i n c r e m e n t a l  a p p r o a c h e s  are f eas ib l e  
f o r  t h e  development o f  t h e  s t a n d a r d s ?  

To what e x t e n t  s h o u l e  t h e  h a n d l i n g  o f  t h e  
s t a n d a r d s  be compute r i zed?  

How s h o u l d  t h e  human s t a n d a r d s  data and da ta  
h a n d l i n g  be i n t e g r a t e d  w i t h  o t h e r  e f f o r t s  
w i t h i n  N A S A  and DOLI, b o t h  t h o s e  d i r e c t l y  
r e l a t ed  t o  human f a c t o r s  and t h o s e  conce rned  
w i t h  sys t em design i n  g e n e r a l ?  

Who s h o u l d  be  made r e s p o n s i b l e  f o r  t h e  c o l l e c t i o n ,  
p r o c e s s i n g ,  and d i s s e m i n a t i o n  of  t h e  s t a n d a r d s ?  

R e s o l u t i o n  of  t h e  more immediate o f  t hese  would p r o v i d e  t h e  basis 
f o r  development  of a n  approach  p l a n  t o  e n s u r e  o r d e r l y  comple t ion  
o f  t h e  p r o j e c t  which has i t s  b e g i n n i n g s  i n  t h e  e f f o r t s  d e s c r i b e d  
e a r l i e r  i n  t h i s  r e p o r t .  F i g u r e  l o i l l u s t r a t e s  a p roposed  approach  
t o  t h e  c o n t i n u a t i o n  o f  t h i s  p r o j e c t ,  and w i l l  be used  as t h e  
basis  f o r  d i s c u s s i n g  e a c h  of  t h e  p rob lems .  
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Coverage o f  t h e  S t a n d a r d s  

The s t a n d a r d s  t o  be  deve loped  have  a l r e a d y  been i m p l i e d  
i n  t h e  p r e c e d i n g  s e c t i o n s  o f  t h i s  r e p o r t ;  i . e . ,  b o t h  human 
s t a n d a r d s  and  a p p l i c a t i o n s  s t a n d a r d s ,  as t h e y  have been  d e f i n e d  
here ,  s h o u l d  be deve loped .  A v a i l a b i l i t y  o f  s t a n d a r d s  i n  b o t h  
o f  t hese  i s  r e q u i r e d  t o  i n s u r e  comple te  cove rage  of  t h e  
c o n s i d e r a t i o n s  abou t  t h e  u s e ,  s u p p o r t ,  and p r o t e c t i o n  of man i n  
manned s p a c e  f l i g h t  s y s t e m s .  1 

The problem w i t h  r e s p e c t  t o  c o v e r a g e ,  however,  i s  p r i m a r i l y  
one o f  d e t e r m i n i n g  t h e  c l a s s e s  of  s y s t e m s  and equipments  t o  which 
these  s t a n d a r d s  s h o u l d  be  a p p l i c a b l e .  A s  has  a l ready  been  
i n d i c a t e d ,  t h i s  p r o j e c t  t o  date h a s  c o n f i n e d  i t s e l f  t o  t h e  
development  of s t a n d a r d s  which a p p l y  s p e c i f i c a l l y  t o  s p a c e c r a f t  
f l i g h t  c rews .  T h i s  undoub ted ly  would s e r v e  a n  i m p o r t a n t  need  
and one i n  which t h e r e  i s  c o n s i d e r a b l e  i n t e r e s t  a t  t h e  p r e s e n t  
t i m e .  However, i t  would b e  i n e f f i c i e n t  t o  r e s t r i c t  t h e  s t a n d a r d s  
t o  t h i s  p o p u l a t i o n  s i n c e  much o f  t h e  data i s  r e q u i r e d  f o r ,  and 
a p p l i c a b l e  t o ,  o t h e r  man-machine s y s t e m s .  

H i s t o r i c a l l y ,  much o f  t h e  s t a n d a r d s  da ta  i n  u s e  i n  t h e  s p a c e  
program o r i g i n a t e d  i n  r e s p o n s e  t o  t h e  r e q u i r e m e n t s  f o r  s t a n d a r d s  
i n  m i l i t a r y  s y s t e m s .  Other  s t a n d a r d s ,  o r  data  from which 
s t a n d a r d s  can  be d e v e l o p e d ,  have o r i g i n a t e d  r e c e n t l y  f rom manned 
s p a c e  f l i g h t  and are unique  t o  t h a t  env i ronmen t .  The l a t t e r ,  
however,  does  n o t  c o n s t i t u t e  a l a r g e  p o r t i o n  o f  t h e  e x i s t i n g  
or r e q u i r e d  s t a n d a r d s  da ta .  

T h e r e f o r e ,  i t  i s  recommended t h a t  t h e  f u t u r e  c o u r s e  o f  

1) 

t h i s  p r o j e c t  be  d i r e c t e d  a l o n g  t h e  f o l l o w i n g  l i n e s :  

Wi th  r e s p e c t  t o  t h e  c o n t e n t  o f  t h e  s t a n d a r d s ,  
a t t e n t i o n  s h o u l d  be g i v e n  f i r s t  t o  t h e  deve lop -  
ment o f  human s t a n d a r d s  i n  a l l  o f  t h e  c a t e g o r i e s  
t h a t  are r e l e v a n t  t o  t h e  u s e ,  s u p p o r t ,  and 
p r o t e c t i o n  o f  f l i g h t  crew p e r s o n n e l .  

2 )  These human s t a n d a r d s  should  be r a p i d l y  t r a n s f o r m e d  
i n t o  a p p l i c a t i o n s  s t a n d a r d s ,  as d e f i n e d  i n  t h i s  
r e p o r t ,  i n  t h e  areas where t h i s  i s  mean ingfu l  and 
f e a s i b l e .  

'See Tables  1 and 2 and Appendices  D and E f o r  a r e v i e w  o f  
t he  C a t e g o r i e s  w i t h i n  these  two major  g r o u p i n g s  o f  t h e  s t a n d a r d s .  
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3 )  As t h e  u s e f u l r i e : ; ~  of t h e  s t a n d a r d s  u n d e r  d i s c u s s i o n  
i s  demons t r a t ed ,  c o n s i d e r a t i o n  s h o u l d  be  g i v e n  t o  
t h e i r  g e n e r a l i z a t i o n  or b r o a d e n i n g  t o  a p p l y  t o  t h e  
d e s i g n  of  o t h e r  man-machine s y s t e m s  and f a c i l i t i e s  
w i t h i n  NASA. These o t h e r  sys t ems  and f a c i l i t i e s  
i n c l u d e  c o n t r o l  c e n t e r s ,  b o o s t e r  v e h i c l e s  and t h e i r  
a s s o c i a t e d  checkout  and h a n d l i n g  equ ipmen t ,  and 
launch  f a c i l i t i e s .  1 

T h i s  approach  i s  p roposed  for two r e a s o n s :  a )  i t  r e p r e s e n t s  
an approach  which cou ld  be  e x p e c t e d  to r e s u l t  i n  u s a b l e  s t a n d a r d s  
f o r  some a r e a s  i n  a r e l a t i v e l y  s h o r t  p e r i o d  o f  t i m e  and would 
r e q u i r e  c o n s i d e r a b l y  less  r e s o u r c e s  t o  implement t h a n  t h e  e n t i r e  
p roposed  e f f o r t ;  and b )  based on t h e  p remise  t h a t  v i r t u a l l y  
all s t a n d a r d s  c a t e g o r i e s  are i n v o l v e d  i n  manned s p a c e  f l i g h t  
p rograms ,  i t  would b e  r e l a t i v e l y  e a s y  t o  e x t e n d  t h e  standards 
deve loped  f o r  t h e s e  programs t o  i n c l u d e  o t h e r  s y s t e m s  and  
f a c i l i t i e s .  

F o r m a t t i n g  and I n d e x i n g  t h e  S t a n d a r d s  

The format  and i n d e x  f o r  t h e  s t a n d a r d s  has b e e n  i m p l i e d  i n  
t h e  p r e c e d i n g  s e c t i o n s  o f  t h e  r e p o r t  i n  t h e  example g i v e n  for 
t h e  u t i l i z a t i o n  o f  t h e  s t a n d a r d s  data  base.* 
on ly  a f i r s t  approx ima t ion  and w i l l  - r e q u i r e  r e f i n e m e n t  and 
t e s t i n g  b e f o r e  i t s  u s e f u l n e s s  i s  d e m o n s t r a t e d .  

However, t h i s  i s  

There fo re ,  t h e  f o l l o w i n g  recommegdat ions are o f f e r e d :  

1) The d e s c r i p t o r s  f o r  crew pe r fo rmance  r e q u i r e  c o n s i d e r a b l e  

'This s h o u l d  be  c o o r d i n a t e d  w i t h  t h e  e f f o r t s  a l r e a d y  
u n d e r t a k e n  by  MSFC i n  t h e  development  o f  MSFC-STD-267A, 
Human E n g i n e e r i n g  Design Cr i t e r i a ,  J a n u a r y  31, 1 9 6 6 .  T h i s  
document c o n t a i n s  a l a rge  amount o f  t h e  t y p e  of  data  b e i n g  
d i s c u s s e d  i n  t h i s  r e p o r t .  T h i s  s h o u l d  be u s e d  as a basis  f o r  
t h e  f u r t h e r  development and u p d a t i n g  of t h e  p o r t i o n  o f  t h e  
da t a  base t h a t  i s  un ique  t o  b o o s t e r  v e h i c l e s  and  t h e i r  
a s s o c i a t e d  equipment  and f a c i l i t i e s ,  and more i m p o r t a n t l y ,  
f o r  d e t e r m i n i n g  t h e  e x t e n t  to which t h e  data i s  t h e  same as 
t h a t  r e q u i r e d  f o r  s p a c e c r a f t  d e s i g n .  

2See pages 2 7  t o  5 4 .  
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r e f i n e m e n t  t o  i n s u r e  t h e i r  u s e f u l n e s s .  T h i s  i n c l u d e s :  

a )  Development o f  d e f i n i t i o n s  f o r  e a c h  d e s c r i p t o r .  

b )  Development o f  a d i c t i o n a r y  o f  synonyms of 
e q u i v a l e n t  d e s c r i p t o r s .  One s e t  o f  d e s c r i p t o r s  i s  s u f f i c i e n t  
for t h e  data  base; however ,  t h e r e  a re  many t e r m s  used  t o  
d e s c r i b e  human p e r f o r m a n c e ,  f o r  example ,  and some means i s  
r e q u i r e d  f o r  d e t e r m i n i n g  e q u i v a l e n c e  and t r a n s l a t i n g  them 
i n t o  t h e  t e r m i n o l o g y  o f  t h e  s t a n d a r d s  d a t a  b a s e .  

c )  Reduc t ion  i n  t h e  o v e r l a p  between d e s c r i p t o r s  
and a t  t h e  same t i m e ,  i n t r o d u c t i o n  o f  o t h e r s  t o  i n s u r e  
comprehens iveness .  T h i s  i s  expec ted  t o  be an  e v o l u t i o n a r y  
p r o c e s s  and t h e r e f o r e ,  a d j u s t m e n t s  i n  t h e  l i s t  w i l l  have t o  
b e  made from t i m e  t o  t i m e .  ' l 'his d o e s  n o t  p r e c l u d e  t h e  deve lop -  
ment o f  a n  i n i t i a l  s e t  o f  d e s c r i p t o r s  t h a t  a re  u s a b l e ;  i t  
does  mean, however,  c o n s i d e r a b l e  improvement i n  t h e  i n i t i a l  
s e t  w i l l  s t i l l  be  r e q u i r e d .  

2 )  The re  i s  o v e r l a p  between t h e  s t a n d a r d s  c a t e g o r i e s  
and a c o n t i n u i n g  e f f o r t  w i l l  be r e q u i r e d  t o  r e d u c e  t h i s  o v e r -  
l a p  b u t  a t  t h e  same t i m e ,  n o t  t o  r e d u c e  it t o  t h e  p o i n t  where 
t h e  da ta  r e t r i e v e d  i s  so  f r a c t i o n a t e d  t h a t  i t  i s  u n u s a b l e .  

3 )  There i s  a c o n t i n u i n g  need f o r  i n c r e a s i n g  t h e  
p r e c i s i o n  o f  t h e  s t a n d a r d s  t o  minimize t h e i r  a m b i g u i t y .  Much, 
b u t  n o t  a l l ,  =f t h i s  problem cen+,ers  abou t  q u a n t i f i c a t i o n  o f  
t h e  s t a n d a r d s .  Some s t a n d a r d s  a r e  s imply  s t a t e m e n t s  o f  
p r i n c i p l e s  or g u i d e l i n e s ,  b u t  f o r  t h o s e  where q u a n t i f i c a t i o n  
i s  m e a n i n g f u l ,  a t t empt s  s h o u l d  b e  made t o  e x p r e s s  t h e s e  s t a n d a r d s  
i n  a common s e t  o f  u n i t s  and sca les  which most e a s i l y  p e r m i t  
t h e i r  a p p l i c a t i o n  t o  t h e  d e s i g n  s i t u a t i o n .  Where t h i s  i s  n o t  
f e a s i b l e ,  c o n v e r s i o n  f a c t o r s  should  be  p r o v i d e d ,  u s u a l l y  by 
means o f  t ab l e s  , fo rmulas  , or nomographs. 

h a n d l i n g  t h e  i n t e r a c t i o n s  between v a r i a b l e s .  The m a t r i c e s  
p r o v i d e d  i n  t h i s  r e p o r t  a re  l a r g e l y  c o n f i n e d  t o  f i r s t  o r d e r  
i n t e r a c t i o n s ,  a l t h o u g h  some second o r d e r  i n t e r a c t i o n s  can  be 
i n f e r r e d  by comparing t a b l e s  which have a common s e t  o f  row 
or column e n t r i e s .  A d d i t i o n a l  schemes w i l l  have t o  be 
deve loped  t o  show t h e  more complex i n t e r a c t i o n s .  For example,  
t h e  e f f e c t s  on body f u n c t i o n i n g  and pe r fo rmance  by  combined 
e n v i r o n m e n t a l  s t resses ,  o r  t h e  e f f e c t s  o f  env i ronmen t s  on 
p h y s i o l o g i c a l  f u n c t i o n i n g  which i n  t u r n  a f f e c t  pe r fo rmance ,  
e t c . ,  are  n o t  n e c e s s a r i l y  d i s c e r n i b l e  i n  t h e  scheme p r e s e n t e d  
i n  t h i s  r e p o r t .  (More w i l l  be said a b o u t  t h i s  i n  t h e  
d i s c u s s i o n  o f  c o m p u t e r i z a t i o n  of  s t a n d a r d s . )  

4 )  There i s  a c o n t i n u i n g  need  t o  d e v e l o p  t e c h n i q u e s  f o r  
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P r o c e s s i n g  o f  the - S t a n d a r d s  

The a c q u i s i t i o n  and u t i l i z a t i o n  o f  da ta  i n  a l l  a s p e c t s  
o f  s y s t e m  d e s i g n  i s  a dynamic p r o c e s s .  Both t h e  da t a  and 
t h e  data  h a n d l i n g  t e c h n i q u e s  w i l l  r e q u i r e  f r e q u e n t  upda t ing - -  
a t  l e a s t  i n  some a r e a s .  F i g u r e  11 i l l u s t r a t e s  t h e  e l e m e n t s  
t h a t  are  r e q u i r e d  w i t h i n  a sys t em f o r  t h e  h a n d l i n g  o f  t h i s  
type o f  d a t a .  T h i s  f i g u r e  s imply  i n d i c a t e s  t h a t  da t a  must 
g e t  i n t o  t h e  sys t em,  be p r o c e s s e d  a p p r o p r i a t e l y ,  and be  made 
a v a i l a b l e  t o  t h e  u s e r s ,  on a t i m e l y  bas i s .  I t  a l s o  p r o v i d e s  
p r o v i s i o n s  f o r  c o n t r o l  o f  t h e  p r o c e s s  ( i . e . ,  t h e  s t e e r i n g  
commi t t ee ,  t e c h n i c a l  r e v i e w / p r o c e s s i n g  f u n c t i o n s ,  e t c . )  and 
f eedback  loops  f o r  a d j u s t i n g  t h e  c o n t e n t  and fo rma t  of  t h e  
da t a  base a s  r e q u i r e d .  

It  i s  recommended t h a t  t h e  N A S A  o r g a n i z a t i o n  b e  r ev iewed  
t o  d e t e r m i n e :  

1) The most a p p r o p r i a t e  t y p e  o f  communicat ions 
ne twork  t h a t  would p e r m i t  t h e  o r d e r l y  and t i m e l y  f l o w  o f  
human s t a n d a r d s  da t a  from t h e  g e n e r a t o r s ,  t h r o u g h  t h e  p ro -  
c e s s o r s ,  t o  t h e  u s e r s .  T h i s  i n c l u d e s  i d e n t i f i c a t i o n  of' t h e  
u s e r s  or p o t e n t i a l  u s e r s  o f  t h e  s t a n d a r d s  as a g roup  and 
p r o v i d i n g  them w i t h  a means f o r  a c c e s s i n g  t h e  s t a n d a r d s  data  
base i n  a s y s t e m a t i c  manner .  It a l s o  means i d e n t i f i c a t i o n  of  
t h e  g e n e r a t o r s  o r  p o t e n t i a l  s o u r c e s  o f  s t a n d a r d s  and p r o v i d i n g  
them w i t h  a means f o r  i n s u r i n g  t h a t  t h e i r  data  f i n d  t h e i r  way 
i n t o  t h e  sys tem.  

2 )  The t y p e  o f  p r o c e s s i n g  f a c i l i t y  which s h o u l d  be 
se t  up t o  hand le  t h e  f o r m a t t i n g ,  i n d e x i n g ,  s t o r a g e ,  and 
r e t r i e v a l  of  t h e  s t a n d a r d s .  I d e a l l y ,  t h i s  s h o u l d  u t i l i z e  
e x i s t i n g  NASA f a c i l i t i e s  t o  t h e  maximum e x t e n t  p o s s i b l e .  

I n c r e m e n t a l  Development o f  t h e  S t a n d a r d s  

S i n c e  e x t e n s i v e  r e s o u r c e s  would be r e q u i r e d  t o  implement 
t h e  e n t i r e  s t a n d a r d s  p r o j e c t  a t  one t i m e ,  i t  i s  improbab le  
t h a t  s u c h  a c o u r s e  w i l l  be  f e a s i b l e ,  or f o r  t h a t  ma t t e r ,  d e s i r a b l e .  
It i s  impor t an t  f i r s t  t o  d e m o n s t r a t e  t h e  f e a s i b i l i t y  o f  t h e  

u n d e r t a k i n g  a l l  areas  s i m u l t a n e o u s l y .  
------.. ^L ^..- I^^ L e d  ir, t h i s  -..-An + m, aypi-u.ac;ii auggca t,cu A c p v i  u .  A v  GG t h i s  d o e s  n o t  r c q u i r ~  

T h e r e f o r e ,  t h e  f o l l o w i n g  recommendat ions a r e  o f f e r e d  f o r  
imp lemen ta t ion  o f  t h e  p r o j e c t :  

1) The development  of  t h e  human s t a n d a r d s ,  as t h e y  have 
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been d e f i n e d  i n  t h i s  r e p o r t  , s h o u l d  be u n d e r t a k e n  f i r s t .  
T h e s e  a r e  n e c e s s a r y  a n t e c e d e n t s  f o r  t h e  p r e p a r a t i o n  o f  t h e  
a p p l i c a t i o n s  s t a n d a r d s  and can  s e r v e  a ve ry  u s e f u l  p u r p o s e ,  
p r o v i d i n g  l i f e  and b e h a v i o r a l  s c i e n c e  s p e c i a l i s t s  a re  
a v a i l a b l e  t o  i n t e r p r e t  and a p p l y  them.  (The  p r o c e s s  
i l l u s t r a t e d  i n  F i g u r e  1 0  i s  based on t h i s  a p p r o a c h . )  Moreover ,  
wi-thin t h e  human s t a n d a r d s  c a t e g o r i e s  c e r t a i n  o f  t h e s e  can  
be s e l e c t e d  o u t  f o r  i n i t i a l  deve lopmen t ,  as i s  i n  f a c t  
bei-ng done i n  Phase 1 o f  t h e  p r o j e c t  d e s c r i b e d  i n  t h i s  
r e p o r t .  The s e l e c t i o n ,  o f  c o u r s e ,  s h o u l d  b e  made on t h e  
bas i s  o f  judgments  t h a t  t hese  r e p r e s e n t  more c r i t i c a l  
a r e a s  and t h a t  s a t i s f a c t o r y  s t a n d a r d s  do n o t  now e x i s t  
i n  t h e s e  a r e a s .  F u l l  u s e  s h o u l d  be  made o f  t h e  data  which 
a l r e a d y  e x i s t s  w i t h i n  NASA or DOD r a t h e r  t h a n  d u p l i c a t e  
any e f f o r t s  t h a t  a re  a l r e a d y  i n  p r o c e s s  o r  comple t ed .  

2 )  Once t h e  human s t a n d a r d s  da ta  base or p o r t i o n s  o f  
it have b e e n  compi l ed ,  t h e n  d e c i s i o n s  s h o u l d  b e  made abou t  
c o m p u t e r i z a t i o n  and development  of  a communicat ion ne twork  
for d i s s e m i n a t i o n  o f  t h e  s t a n d a r d s .  Wi th  t h e  da t a  c o l l e c t e d  
i n  some form o f  p r e l i m i n a r y  document,  i t  w i l l  be  ea s i e r  t o  
d e t e r m i n e  i t s  s u i t a b i l i t y  f o r  c o m p u t e r i z a t i o n .  

3 )  Subsequent  t o  comple t ion  o f  t h e  f i r s t  i t e r a t i o n  
o f  t h e  human s t a n d a r d s ,  t h e  development  o f  t h e  a p p l i c a t i o n s  
s t a n d a r d s  shou ld  be u n d e r t a k e n  and f o l l o w  e s s e n t i a l l y  t h e  
same c o u r s e  a s  t h e  human s t a n d a r d s .  To have maximum u t i l i t y ,  
l i f e  and b e h a v i o r a l  s c i e n c e  s p e c i a l i s t s  a g a i n  w i l l  be  r e q u i r e d  
t o  a i d  i n  t h e i r  i n t e r p r e t a t i o n  and a p p l i c a t i o n .  F u r t h e r ,  
c o o r d i n a t i o n  and c o l l e c t i o n  o f  a l l  o f  t h e  r e l e v a n t  da t a  w i t h i n  
N A S A  and DOD s h o u l d  be  u n d e r t a k e n  i n  o r d e r  t o  a v o i d  d u p l i c a t i o n  
o f  e f f o r t .  

4) Once t h e  data  base and data  h a n d l i n g  sys t em a re  
i n  o p e r a t i o n ,  i t  w i l l  b e  n e c e s s a r y  t o  modify p o r t i o n s  o f  i t  
from t i m e  t o  t i m e  t o  i n s u r e  i t s  c o n t i n u i n g  u s e f u l n e s s .  

Compute r i za t ion  o f  t h e  S t a n d a r d s  

The u s e  o f  a u t o m a t i c  da ta  p r o c e s s i n g  equipment  for t h e  
h a n d l i n g  o f  t h e  s t a n d a r d s  a p p e a r s  e s s e n t i a l  f o r  e f f i c i e n t  
h a n d l i n g  o f  the mass and v a r i e t y  of' human s t a n d a r d s  da ta .  
A c c o r d i n g l y ,  much of t h e  r a t i o n a l e  deve loped  i n  t h i s  r e p o r t  
i s  d i r e c t e d  towards  c o m p u t e r i z a t i o n .  I n  a d d i t i o n ,  t h e  f o l l o w -  
i n g  g u i d e l i n e s  a re  o f f e r e d  f o r  d e c i d i n g  on t h e  d e s i r a b i l i t y  
and f e a s i b i l i t y  o f  c o m p u t e r i z i n g  t h e  s t a n d a r d s :  
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1) With  r e s p e c t  t o  c o n t e n t ,  i t  i s  n e c e s s a r y  t o  d e t e r m i n e  
how f r e q u e n t l y  data  must be  upda ted .  If e x i s t i n g  data  are  
a d e q u a t e ,  n o n - v a r i a b l e  and a f u n c t i o n  o f  a few p a r a m e t e r s ,  i t  
p r o b a b l y  w i l l  be more e f f i c i e n t  t o  document them i n  a book f o r  
u s e  by t h e  d e s i g n e r .  However, f o r  t h e  da ta  which change 
f r e q u e n t l y ,  t h e n  t h e  r a p i d  upda t ing  c a p a b i l i t i e s  o f  a computer-  
i z e d  sys t em are  a n  a d v a n t a g e .  The human s t a n d a r d s  and a p p l i -  
c a t i o n s  s t a n d a r d s  r u n  t h e  f u l l  r a n g e .  To summarize,  i t  a p p e a r s  
t h a t  some data  s h o u l d  be  i n  documents ,  and o t h e r  i n  computer  
s t o r a g e ,  s o  t h a t  t h i s  c r i t e r i o n  i s  n o t  s u f f i c i e n t  by i t s e l f  
t o  j u s t i f y  c o m p u t e r i z a t i o n .  

2 )  With r e s p e c t  t o  a p p l i c a t i o n ,  i t  i s  n e c e s s a r y  t o  assess 
t h e  c o m p l e x i t y  o f  p a r a m e t r i c  r e l a t i o n s h i p s  which must be known 
t o  u s e  t h e  s t a n d a r d s  d a t a .  I f ,  for example ,  i t  i s  a d e q u a t e  
t o  r e a d  one da ta  p o i n t  on a graph  or t o  r e a d  a s t a t e m e n t  o f  a 
p r i n c i p l e ,  t h e n  t h e r e  a r e  l i t t l e  a d v a n t a g e s  t o  c o m p u t e r i z a t i o n .  
However, i f ,  as i s  u s u a l l y  t h e  case,  t h e r e  are complex i n t e r -  
a c t i o n s  between d e s i g n  p a r a m e t e r s ,  t h e n  a computer  i n d e x i n g  
t e c h n i q u e  can  be--if d e s i g n e d  p r o p e r l y - - t h e  most e f f i c i e n t  
method o f  r e t r i e v i n g  t h e  r e l e v a n t  d a t a .  I f  a d d i t i o n a l  compu- 
t a t i o n  i s  r e q u i r e d ,  as i t  i s  wi th  many o f  t h e  s t a n d a r d s ,  t h e n  
t h e  computer  has d i s t i n c t  advan tages  o v e r  a document.  

To t h e  e x t e n t  t h a t  t h e  s t a n d a r d s  da ta  base can  be  h a n d l e d  
as a n  i n f o r m a t i o n  r e t r i e v a l  s y s t e m  ( a s  opposed t o  c u r r e n t l y  
a v a i l a b l e  l i b r a r y  document t i t l e  s e a r c h  and  document r e t r i e v a l  
s y s t e m s ) ,  t h e  ccmpute r i zed  approach  w i l l  b e  more e f f i c i e n t .  
The problem i n  i n f o r m a t i o n  h a n d l i n g  i s  n o t  o n l y  one o f  d e t e r -  
min ing  what i s  r e l e v a n t  f o r  t h e  u s e r s  p u r p o s e s ,  b u t  a l s o  i n  
making s u r e  t h a t  he i s  g i v e n  only as much i n f o r m a t i o n  as he 
n e e d s .  It i s  more e f f i c i e n t  t o  r e t r i e v e  a p a r a g r a p h  or a f i g u r e  
i n  a document ,  if t h i s  i s  a l l  t h a t  i s  r e q u i r e d ,  t h a n  b e  g i v e n  
t h e  whole document.  

3 )  The a v a i l a b i l i t y  o f  e x i s t i n g  and p l a n n e d  computer  
p r o c e s s i n g  f a c i l i t i e s  w i t h i n  NASA o r  a v a i l a b l e  t o  N A S A  and 
i t s  c o n t r a c t o r s  a l s o  needs  t o  be d e t e r m i n e d  i n  o r d e r  t o  make 
maximum u s e  o f  t h e  c a p a b i l i t i e s .  

Many o p t i o n s  e x i s t  w i t h  r e s p e c t  t o  what t h e  f i n a l  
a p p e a r a n c e  migh t  be of t h e  d a t a  b a s e  and data h a n d l i n g  sys t em.  
For example ,  t h e  compute r i zed  p o r t i o n  might  be n o t h i n g  more 
t h a n  a n  i n d e x i n g  sys t em ( s u c h  as  t h e  m a t r i c e s  d e s c r i b e d  i n  
t h i s  r e p o r t  or a s p e c i f i c a t i o n  t r e e )  which p r o v i d e s  t h e  u s e r  
w i t h  a method of l o c a t i n g  t h e  d a t a ;  which ,  i n  t u r n ,  might  
e x i s t  i n  a v a r i e t y  o f  p l a c e s  and f o r m s .  O r ,  t h e  e n t i r e  data 
base migh t  be compute r i zed  and s t o r e d  i n  some c e n t r a l  l o c a t i o n  
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and o n l y  e x e r c i s e d  when new da ta  i s  i n t r o d u c e d  into t h e  
s y s t e m  o r  when a r e q u e s t  i s  r e c e i v e d  for t h e  d a t a .  S i n c e  
t 2 i c  a p p r o p r i a t e n e s s  and  c o m p l e t e n e s s  of  t h e  r e t r i e v a l  i s  
more impor t an t  t h a n  t h e  t i m e ,  t h e r e  i s  l i t t l e  p o i n t  t o  
s t o r i n g  t h i s  mass of  da ta  i n  a compute r ,  even  assuming s u c h  
s t o r a g e  f a c i l i t i e s  c o u l d  be  made a v a i l a b l e .  P r o b a b l y  t h e  
b e s t  s o l u t i o n  i s  some p l a c e  i n  be tween.  I n  any e v e n t ,  t h e  
s y s t e m  b y  which t h i s  da t a  i s  t i e d  t o g e t h e r  i s  much more 
c r i t i c a l  t o  i t s  s u c c e s s f u l  u sage  t h a n  t h e  ex t ,en t  t o  which 
i t  i s  a manual o r  compute r i zed  sys t em.  

C o o r d i n a t i o n  o f  t h e  S t a n d a r d s  P r o j e c t  w i t h  o t h e r  Data 
and  Data  Handl ing  Requi rements  and  F a c i l i t i e s  i n  NASA 
and DOD 

The  c o o r d i n a t i o n  of t h e  s t a n d a r d s  p r o j e c t  d e s c r i b e d  i n  
t h i s  r e p o r t  w i t h  o t h e r  e f f o r t s  conce rned  w i t h  t h e  u s e  and 
s u p p o r t  of  t h e  human b e i n g  i n  sys t ems  has r e c e i v e d  c o n s i d e r a b l e  
a t t e n t i o n  i n  t h i s  r e p o r t .  The problem o f  c o o r d i n a t i o n  i s  a 
s i g n i f i c a n t  one a t  o t h e r  l e v e l s  a l s o  s i n c e  t h e  human s t a n d a r d s  
da t a  b a s e  and data  h a n d l i n g  s y s t e m  r e p r e s e n t s  o n l y  one o f  t h e  
many a r e a s  i n  sys t ems  d e s i g n  which r e q u i r e  s imi la r  c a p a b i l i t i e s .  

Accord ing ly ,  i t  i s  recommended t h a t  t h e  data  h a n d l i n g  
r e q u i r e m e n t s  for o t h e r  a s p e c t s  o f  manned s p a c e f l i g h t  s y s t e m s  
d e s i g n  be examined t o  d e t e r m i n e :  

1) What f a c i l i t i e s  a l r e a d y  e x i s t  or are  p l a n n e d  i n  NASA 
and i n  what way a r e  t h e y  c o m p a t i b l e  w i t h  t h e  da t a  base and da t a  
h a n d l i n g  system d e s c r i b e d  here .  

2 )  What are t h e  p o s s i b i l i t i e s  f o r  i n t e g r a t i n g  t h e  human 
s t a n d a r d s  d a t a  base w i t h  t h e s e  o t h e r  da t a  b a s e s  and da t a  
h a n d l i n g  sys tems?  

R e s p o n s i b i l i t i e s  f o r  t h e  Development and Main tenance  
o f  t h e  Human S t a n d a r d s  Data Base and Data Hand l ing  System 

S i n c e  most of  t h e  d i s c u s s i o n  i n  t h i s  r e p o r t  has been  
c o n f i n e d  t o  t h e  t e c h n i c a l  a s p e c t s  o f  t h e  p rob lem,  some 
c o n c l u d i n g  comments r e l a t i v e  t o  t h e  management a s p e c t s  o f  s u c h  
a n  u n d e r t a k i n g  and t h e  ma in tenance  o f  t h e  da t a  base once  i t  i s  
o p e r a t i o n a l  are b e l i e v e d  t o  be  a p p r o p r i a t e .  

The  f o l l o w i n g  recommendat ions appear t o  p r o v i d e  a n  
e f f i c i e n t  method for p r o c e e d i n g :  

1) The i n i t i a l  da ta  base c o v e r i n g  f l i g h t  c rews  o n l y  
s h o u l d  be  deve loped  by H e a d q u a r t e r s  NASA w i t h  MSC a s s i s t a n c e .  
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2 )  Once t h e  human s t a n d a r d s  da t a  base f o r  manned s p a c e  
f l i g h t  s y s t e m s  has begun t o  f u n c t i o n ,  i t  s h o u l d  be t u r n e d  
o v e r  t o  MSC f o r  u s e  and u p d a t i n g .  

3 )  The e x p a n s i o n  of  t h e  d a t a  base t o  i n c l u d e  a p p l i c a t i o n s  
t o  o t h e r  N A S A  s y s t e m s  s h o u l d  a g a i n  be t h e  r e s p o n s i b i l i t y  o f  
H e a d q u a r t e r s  NASA w i t h  a s s i s t a n c e  from t h e  a p p r o p r i a t e  C e n t e r s .  

4) A s  t h e  expanded data base  becomes a v a i l a b l e ,  a c c e s s  
s h o u l d  be p r o v i d e d  f o r  a l l  t h e  i n t e r e s t e d  c e n t e r s  and t h e i r  
c o n t r a c t o r s .  

5 )  A permanent  s t e e r i n g  committee s h o u l d  be  s e t  up w i t h  
r e s p o n s i b i l i t i e s  f o r  e n s u r i n g  t h a t  t h e  data base i s  u p d a t e d  o r  
t h e  da ta  h a n d l i n g  p r o c e d u r e s  r e v i s e d  as r e q u i r e d .  The commit tee  
s h o u l d  c o n s i s t  o f  r e p r e s e n t a t i v e s  from H e a d q u a r t e r s  N A S A ,  t h e  
C e n t e r s ,  and DOD.  C o n t r a c t o r  r e s o u r c e s  s h o u l d  be  made a v a i l a b l e  
f o r  t h e  a c t u a l  p r o c e s s i n g  o f  t h e  da ta .  

6 )  F i n a l l y ,  N A S A  c o n t r a c t s ,  s t a n d a r d s ,  and s p e c i f i c a t i o n s  
s h o u l d  r e f e r e n c e  t h e  human s t a n d a r d s  as r e q u i r e m e n t s  and as 
s o u r c e s  of  i n f o r m a t i o n  f o r  t h e  sys t em c o n t r a c t o r s .  
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Appendix A: Descriptors for Environments 

1. Atmosphere 

1.1 Composition 

1.1.1 Normal ( ea r th  environment) 

1.1.2 S ingle  Gas 

1.1.3 Two Gas ( p a r t i a l  pressures) 

1.1.3.1 Oxygen - Nitrogen 

1.1.3.2 Oxygen - H e l i u m  

l . l . 3 . N  Others 

1 .2  Pressure  

1.2.1 Overpressure 

1.2.1.1 Continuous 

1.2.1.2 Blas t  

1.2.2 Underpressure 

1.2.2.1 Continuous 

1.2.2.2 Decompression 

1.3 Temperature and Humidity 

1 .4  
2. Toxicants and Contaminants 

2 . 1  Chemical Compounds 

2.1.1 Carbon Dioxide 

2.1.2 Carbon Monoxide 

2.1.3 Freon 114 

2.1.4 Ethylene Dicholoride 

2.1.N Others 

2.2 Microb i a l  Agents 

3. Accelerat ion 

3.1 Linear 

3.1.1 Impact 

3.1.1.1 Transverse 

3.1.1.2 h n g i t u d i n a l  

Movement ( c i r c u l a t  ion/wind/et c . ) 

2 1 1 2 T T n v i - i p s I  J.-.-.J .-.. "---- 

3.1.1.4 O f f  - ax is  

3.1.2 B r i e f  

3.1.3 Sustained 

3.1.3.1 Forward 

3.1.3.2 Rearward 

3.1.3.3 Upward 

3.1.3.4 Downward 

3.1.3.5 Sideward 

3.2 Angular 

3.3 Radial  

3.3.1 Rol l  (Right/Left)  

3.3.2 P i t c h  (Up/Down) 

3.3.3 Yaw (Right/Left)  

4. Gravi ta t ion  

4.1 Weightlessness 

4.1.1 Momentary 

4.1.2 Siustained 

4.2 Reduced Gravi ta t ion 

4.3 Increased Gravi ta t ion  

5. Vibrat ion 

5 .1  Inf rasonic  

5.1.1 Whole Body 

5.1.1.1 b n g  i t u d i n a l  

5.1.1.1.1 Sinusoidal  

5.1.1.1.2 Random 

5.1.1.2 Transverse 

5.1.2 Body Par t  

5.2 Sonic Range 

6. Noise 

6.1 Inf rasonic  Range 

6.2 Audio Range 
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6.2.1 Pure Tone Noise 

6.2.2 Narrow Band Noise 

6.2. j Broad Band Noise 

6.3 Ultrasonic  Range 

7. Radiation 

7.1 Non- ionizing 

7 . 1 . 1  Radio waves 

7.1.2 Radar waves 

7.1.3 Micro waves 

'[. 1 .4  Infrared 

7.1.5 Visible  

7.1.6 Ul t r av io l e t  

7.2 Ionizing 

7.2.1 X-rays 

7.2.2 Gama Rays 

7.2.3 Beta Rays 

7.2.4 Neutrons 

7.2.5 Protons 

7.2.6 Alpha P a r t i c l e s  

8. Magnetic F i e l d s  

9. E l e c t r i c  Currents 

10. I so l a t ion  and Confinement 

10.1 I so l a t ion  

10.1.1 Physical  

10.1.2 Social  

10.2 Confinement 

10.2.1 Encapsulation 

10.2.2 Mandatory ( soc ia l )  

11. Circadian Rhythms 

12. D i e t a r y  Imbalances 

12 .1  Food 

12.1.1 Deficiencies  

12.1.2 Excesses 

12.2 Water 

12.2.1 Def ic ienc ies  

12.2.2 Excesses 

13. Drugs 

14. I l l n e s s e s  and I n j u r i e s  

14 .1  I l l n e s s e s  

14.1.1 Surg ica l  

14.1.2 Medical 

14.1.3 Dental  

14.2 I n j u r i e s  

14.2.1 Frac tures /Dis loca t ions  

14.2.2 Surg ica l  

15. Soc ia l  Environment 
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Appendix B:  Descriptors f o r  Crew Performances 

1. I n t e r a c t i n g  with Objects (Materials, 1.2.2.4 Comparing 

Equipment), o the r  Personnel, o r  1.2.2.5 Computing 
Environment 

1.2.2 .6 
1.2.2.7 Planning 

1.3 Communicating 

1.3.1 Advising 

1.3.2 Answering 

1.3.3 Communicating 

E s t  i m a  t ing  
1.1 Sensing 

1.1.1 

1.1.1.1 Detect ing (v isua l ,  audi tory,  etc.)  

1.1.1.2 Inspect ing 

1.1.1.3 Ob serving 

1.1.1.4 Reading (e.g., d i r ec t ions ,  

Searching f o r  and Receiving Information 

i n s t r u c t  ions, e t c .  ) 1.3.4 Direc t ing  

1.1.1.5 Receiving 

1.1.1.6 Scanning 

1.1.1.7 Surveying 

1.1.2 Iden t i fy ing  Objects, Actions, Events 

1.1.2.1 Discr iminat ing 

1.1.2.2 Iden t i fy ing  

1.1.2.3 Locating 

1.2 Processing o r  Mediation 

1.2.1 Information Processing 

1.2.1.1 Categorizing 

1.2.1.2 Calculat ing 

1.2.1.3 Coding/Decoding 

1.2.1.4 Computing 

1.2.1.5 In t e rpo la t ing  

1.2.1.6 Itemizing 

1.2.1.7 Tabulating 

1.2.1.8 Trans la t ing  

1.2.2 Problem Solving and Decision-Making 

1.2.2.1 Analyzing 

1.2.2.2 Calculat ing 

1.2.2.3 Choosing 

1.3.5 Indica t ing  

1.3.6 Informing 

1.3.7 I n s t r u c t i n g  

1.3.8 Requesting 

1.3.9 Transmitt ing 

1 .4  Responding o r  Motor Processes 

1.4.1 Simple/Discrete Responding 

1.4.1.1 Act iva t ing  

1.4.1.2 Closing 

1.4.1.3 Connecting/Disconnecting 

1.4.1.4 Jo in ing  

1.4.1.5 Moving 

1.4.1.6 Pressing 

1.4.1.7 Pushing/Pulling 

1.4.1.8 S e t t i n g  

1.4.2 Complex/Continuous Responding 

1.4.2.1 Adjusting 

1.4.2.2 Aligning 

1.4.2.3 Regulating 

1.4.2.4 Synchronizing 

1.4.2.5 Tracking 
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2. Action on or with t h e  Body 

2 .1  Ingesting (food, water) 

B-2 

2.2 Eliminating (micturat ion,  defecat ion,  e t c . )  

2.3 Sleeping 

2.4 Grooming/Cleansing 

2.5 Dressing/Undressing 

2.6 Whole Body Movement (walking, climbing, e t c . )  

2.N Other physiological  and performance func t ions  
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Appendix C :  Descriptors for Equipment Interfaces 

1. Clothing and Personal Equipment 

1.1 Anti-exposure Su i t s  

1 .2  Pressure Su i t s  

1 . 3  Helmets 

1 . 4  Gloves 

1 . 5  Boots 

1.6 Por tab le  L i f e  Support Equipment 

2. Por tab le  Equipment 

2 .1  Tools 

2.2 S c i e n t i f i c  Equipment 

3. Occupancy and Res t ra in t  Equipment 

3 .1  Sea ts  

3.2 Couches 

3.3 Bunks 

3.4 Lap B e l t s  

3.5 Shoulder Harnesses 

4.  Environmental Control Systems 

4 . 1  Pressure Control 

4.2 Oxygen Supply 

4.3 Heating, Cooling, and 
Ven t i l a t ion  Control 

5. Food and Water Management Systems 

6. Waste Management Systems 

7. Hygiene and Medical Supplies 

8. Bioinstrumentation Equipment 

9 .  Survival  and Recovery Equipment 
and Supplies 

10. Cabins 

10 .1  Hatches 

10.2 Layout 

10 .3  Windows 

11. Control and Display Panels 
(opera t iona l  and maintenance) 

12 .  Communication Equipment 

12.1 Handsets 

12.2 Intercommunication Equipment 

13. Maintenance Equipment 

13.1 Cabinets 

13.2 T e s t  Equipment 

13.3 Connectors and Cables 

13.4 Tools 

14.  Displays 

1 4 . 1  Indica tor  Lights 

14.2 

14.3 Meters , Dials , and Gages 

14 .4  Multiple Character Alphanumeric, 

Single D i g i t a l  and Word Readouts 

Graphic and P i c t o r i a l  Displays 
(CRT Displays ) 
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1 4 . 5  Permanent Record Displays,  
P r in t e r s  

14 .6  Permanent Record Displays , 
Recorders and P l o t t e r s  

1.4.7 Auditory Signal ing , Caution , 
and Warning Displays 

15. Controls 

1 5 . 1  Pushbuttons and Keyboards 

15.2 Toggle Switches 

15 .3  Control Knobs , Continuous 
Adjustment 

15 .4  Control Knobs, Discre te  
Adjustments 

1 5 . 5  Levers 

15 .6  Hand Wheels 

16. Training Equipment 

1 6 . 1  Training Aids 

16.2 Training Devices 
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Appendix D :  C a t e g o r i e s  and Parameters for the Human S t a n d a r d s  

1. Anthropometric Standards 1.1.1.1.16 Height t o  Armpit, Seated 

1.1 Dimensions of t h e  Head, Body 1.1.1.1.17 Height of Elbow, Standing 
and Limbs ( i n  inches o r  
cent imeters)  1.1.1.1.18 Height of Elbow, Seated 

1.1.1.1.19 Height of Wrist, Standing - 
1.1.1 S t a t i c  Dimensions of t h e  Head, 

Body and Limbs 1.1.1.1.20 Height of Knuckles, Standing 

1.1.1.1.21 Height t o  Substernal  Level, 1.1.1.1 Overal l  Dimensions of t h e  Head, Body a.nd Limbs Standing 

1.1.1.1.22 Height t o  Supers te rna l  Level, 

1.1.1.1.23 Height t o  Xiphoid Level 

1.1.1.1.24 Height t o  10th  Rib 

1.1.1.1.1 Height of Body, Erect S t  anding 

1.1.1.1.2 Height of Body, Normal 

1.1.1.1.3 Height of Body, S i t t i n g ,  

1.1.1.1.4 Height of Body, S i t t i n g ,  1.1.1.1.26 Height of Trunk, Standing 

1.1.1.1.5 Height of Eyes, Standing 

1.1.1.1.6 Height of Eyes, Seated 1.1.1.1.29 Height from Acromion t o  Vertex 

Erect  1.1.1.1.25 Height t o  Crista1 Level 

Normal 1.1.1.1.27 Height of Trunk, Seated 

1.1.1.1.28 Length from Crown t o  Rump 

1.1.1.1.30 Height from Cervical  Level 1.1.1.1.7 Height of Tragion, Standing t o  Vertex 

1.1.1.1.8 Height t o  Tragion, Seated 1.1.1.1.31 Height t o  Trochanteric Level 

1.1.1.1.9 Height t o  Cervical  Level, 1.1.1.1.32 Height t o  Crotch 

1.1.1.1.33 Height t o  Glu tea l  Furrow Standing 
- 

1.1.1.1.10 Height t o  Cervical  Level, 1.1.1.1.34 Height of Knee 
Seated 

1.1.1.1.35 Height t o  Superior Kneecap 
Level 1.1.1.1.11 Height t o  Mid- Shoulder, 

S t  and ing - 
1.1.1.1.36 Height t o  P o p l i t e a l  Pos i t i on  1.1.1.1.12 Height t o  Mid-Shoulder, 

Seated 1.1.1.1.37 Height t o  Tibia  

1.1.1.1.13 Height t o  Acromion, 1.1.1.1.38 Breadth from Forearm t o  Forearm 
St  and ing 

1.1.1.1.14 Height t o  Acromion, 
Seated 

1.1.1.1.15 Height t o  Armpit, Standing 

1.1.1.1.39 Breadth from Elbow t o  Elbow 

1.1.1.1.40 
1.1.1.1.41 Breadth of Body, Maximum 

Breadth from Knee t o  Knee 
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1.1.1.1.42 Depth of Body, Maximum 1.1.1.2.28 Length of Bitragiorl- 

1.1.1.2 Dimensions of t h e  Head 
1.1.1.2.29 Length of Bi t ragion-  

1.1.1.2.1 Length of Head Menton Arc 
1.1.1.2.2 Breadth of Head 1.1.1.2.30 Breadth between Gonia 
1.1.1.2.3 Circumference of Head 1.1.1.2.31 Diameter between 
1.1.1.2.4 Height of Face, Total  Sygomatic Bones 

1.1.1.2.5 Height from Pupi l  t o  Vertex 1.1.1.2.32 Length of Lips 

1.1.1.2.6 Height from Stomion t o  Vertex 1.1.1.2.33 Breadth of Chin 

1.1.1.2.7 Height from Tragion t o  Vertex 1.1.1.2.34 Circumference of Neck 

1.1.1.2.8 Length from Menton t o  Crinion 1.1.1.2.35 Depth of Neck 

1.1.1.2.9 Length from Menton t o  Subnasal 1.1.1.2.36 Breadth of Neck 

1.1.1.2.10 Breadth from Ear t o  Ear 

1.1.1.2.11 Distance between Pupi l s  
1.1.1.2.12 Depth from Nasal Root t o  Wall Acromion 

1.1.1.2.13 Depth from Pronasal  Pos i t i on  1.1.1.3.2 Breadth of Shoulders 

1.1.1.2.14 Depth from Pupi l  t o  Wall 1.1.1.3.4 Breadth of Chest 
1.1.1.2.15 Depth from External  Canthus 

1.1.1.2.16 

1.1.1.2.17 Breadth of Ear 
1.1.1.2.18 Length of Ear 
1.1.1.2.19 

1.1.1.2.20 Breadth of Nose 

1.1.1.2.21 Breadth of Nasal Root 

1.1.1.2.22 Length of Nose 

1.1.1.2.23 Diameter between Tragia 

1.1.1.2.24 Length of  Bitragion-Coronal Arc 

1.1.1.2.25 Length of  Bitragion-Crinion Arc 

1.1.1.2.26 Length of Bi t ragion-Inion Arc 

1.1.1.2.27 Length of Bitragion-Subnasal 

Subn land i b  u l a r  Arc 

1.1.1.2.37 

1.1.1.3 Dimensions o f  t h e  Trunk 

1.1.1.3.1 Breadth of Shoulders, 

Depth from Larynx t o  Wall P o s i t  ion 

1.1.1.3.3 Circumference of Shoulders t o  Wall 

1.1.1.3.5 Breadth of Chest, Bone 

1.1.1.3.6 Circlmference of Chest 

1.1.1.3.7 Depth of Chest 

1.1.1.3.8 Breadth  of Waist 

1,1.1.3.9 Width of Waist, Front 

1.1.1.3.10 Width of Waist, Back 

1.1.1.3.11 Depth of Waist 

1.1.1.3.12 Circumference of Waist 

1.1.1.3.13 Breadth of  Hips, Standing 

1.1.1.3.14 Breadth of Hips, Seated 

i.i.i.j.i3 Circurni'er-erice ul̂  "0uiiUcE;s 

1.1.1.3.16 Breadth of Tochanters 

1.1.1.3.17 Depth of Buttocks 

to  Wall 

Depth from Tragion t o  Wall 

Length of Ear above Tragion 

Arc 1.1.1.3.18 Breadth of I l j a c  



1.1.1.3.1~ Length of Seat  1.1.1.5.5 Thickness of  Hand 

1.1.1.4 Dimensions of t h e  A r m s  1.1.1.6 Dimensions of t h e  Legs 

1.1.1.4.1 Length from Acromion t o  

1.1.1.4.2 Length from Shoulder t o  

1.1.1.4.3 Length from Radial  t o  

Radial  

Elbow 

S ty  1 ion  

1.1.1.6.1 Length from Buttock t o  

1.1.1.6.2 Length from Buttock t o  

1.1.1.6.3 Length from Buttock t o  

Knee 

Fo3t 

P o p l i t  ea1 P o s i t  ion 

1.1.1.4.4 Length f r a m  Forearm t o  Wrist 1.1.1.6.4 Height of Thigh, 

1.1.1.4.5 
Seated 

Length from Forearm t o  Grip 

1.1.1.4.6 Length from Forearm t o  Hand 

1.1.1.4.7 Circumference of  Upper Arm, 
Auxil lary Level 

1.1.1.6.5 Circumference of 

1.1.1.6.6 Circumference of L o w e r  

Upper Thigh, Standing 

Thigh, Standing 

1.1.1.6.7 Circumference of Knee 

1.1.1.6.8 Circumference of Calf 

1.1.1.4.8 Circumference of Upper Arm, 

1.1.1.4.9 Circumference of Upper Arm, 
Relaxed 

Flexed 1.1.1.6.9 Circumference of A n k l e  

1.1.1.4.10 Circumference of Scye 

1.1.1.4.11 Breadth of Elbow 

1.1.1.4.12 Circumference of  Elbow, 

1.1.1.4.13 Circumference of  Elbow, 

1.1.1.4.14 Circumference of Forearm, 

1.1.1.4.15 Circumference of Forearm, 

(Sleeve hole) 

Relaxed 

Flexed 

Relaxed 

Flexed 

1.1.1.7 Dimensions of t h e  Fee t  

1.1.1.'7.1 Length of Foot 

1.1.1.7.2 Length of Foot, No Weight 

1.1.1.7.3 Breadth of Foot 

1.1.1.7.4 Breadth of Foot, 

1.1.1.7.5 Breadth of Heel 

1.1.1.'{.6 Breadth of  Heel, 
No Weight 

1.1.1.8 Dimensions of Skinfolds  

No Weight 

1.1.1.4.16 Breadth of Wrist 1.1.1.8.1 Sub scapular  

1.1.1.4.17 Circumference of  Wrist 

1.1.1.5 Dimensions of t h e  Hands 

1.1.1.8.2 J u x t  i -n ipp le  

1.1.1.8.3 Mid-Axillary Line-Xiphoid 

1.1.1.5.1 Length of Hand 1.1.1.8.4 Triceps 

1.1.1.5.2 Breadth of Hand a t  Metacarpal 1.1.1.9 Weight of  t h e  Body 

1.1.1.5.3 Breadth of Hand a t  Thumb l.l.l.N Others 

1.1.1.5.4 Circumference of Hand at Metacarpal 1.1.2 Dynamic Dimensions of 
t h e  Head, Body and Limbs 
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1 .1 .2 .1  Dimensions i n  Work Pos i t i ons  

1. 1.2.1.1 Kneeling 

I. 1.2.1.2 Crawling 

1.1.2.1.3 Prone and Supine 

1 .1 .2 .2  Reach w i t h  t h e  A r m  (Functional 
A r m  Reach) 

1.1.2.2.1 Forward Reach, Standing 

1.1.2.2.1.1 Ent i re  Arm 

1.1.2.2.1.2 Foream 

1.1.2.2.2 Overhead Reach, Standing 

1.1.2.2.3 Latera l  Reach, Standing 

I. 1.2.2.4 Reach, Seated 

1.1.2.2.4.1 0 Degrees from Midplane 

1.1.2.2.4.2 1 5  Degrees from Midplane 

1.1.2.2.4.3 30 Degrees from Midplane 

1.1.2.2.4.4 45 Degrees frm Midplane 

1.1.2.2.4.5 60 Degrees from Midplane 

1.1.2.2.4.6 75 Degrees from Midplane 

1.1.2.2.4.'( 90 Degrees from Midplane 
of Body 

1.1.2.2.4.8 105 Degrees from Mid- 
plane of Body 

1.1.2.2.4.9 120 Degrees from Mid- 
plane of Body 

1.1.2.2.4.10 135 Degrees f m m  Mid- 

1.1.2.3 Reach with t h e  Leg 

1.1.2.3.1 Forward Reach, Standing 

1.1.2.3.2 Forward Reach, Seated 

of Body 

of Body 

of Body 

of Body 

of Body 

of Body 

gI5ne cf Ed>- 

1.1.2.3.3 Sideward Reach, Seated 

1 . 2  MovemEtnt of t h e  Head, Body, and 

1 .2 .1  Simple Movements ( i n  degrees)  

1 .2 .1 .1  Movenint of t h e  Neck 

1.2.1.1.1 Flexion of  t h e  Neck, 

1.2.1.1.2 Flexion of t h e  Neck, 
Right -Lef t 

1.2.1.1.3 Rotat ion of t h e  Neck, 
Left-Right 

1.2.1.2 Movement of  t h e  Shoulder 

1.2.1.2.1 Abduction of t h e  Shoulder 

1.2.1.2.2 Adduction of  t h e  Shoulder 

1.2.1.2.3 Movement of t h e  Shoulder, 
Lat eral-Medial  

1.2.1.2.4 Flexion of t h e  Shoulder 

1.2.1.2.5 Extension of t h e  Shoulder 

1.2.1.3 Movement of  t h e  Elbow 

1.2.1.3.1 Flexion of t h e  Elbow 

1.2.1.3.2 Extension of  t h e  Elbow 

1.2.1.3.3 Rotat ion of  t h e  Elbow, 
Left, -Right 

1.2.1.4 Movement of t h e  Forearm 

1.2.1.4.1 Supination of t h e  Forearm, 

1.2.1.4.2 Pronation of  t h e  Forearm, 

1.2.1.5 Movement of  t h e  Wrist 

1.2.1.5.1 Adduction o f  t h e  Wrist 

1.2.1.5.2 Abduction of t h e  Wrist 

1.2.1.5.3 

1.2.1.5.4 Dorsif lexion of t h e  Wrist 

1.2.1.6 

L imbs  

Forward-Ba ckward 

Palms up 

Palms Down 

Palmar Flexion of t h e  W r i s t  

Moveinent of  t h e  Trunk and 
Tor so 



. 

BkLLCOMM. INC. D-5 . 
1.2.1.6.1 Rotat ion of Trunk 

1.2.1.6.2 Flexion of Torso, Lateral-  
Med i a l  

1.2.1.6.3 Flexion of t h e  Torso, 
Forward 

1.2.1.6.4 Flexion of t h e  Torso, 
Backward 

1.2.1.7 Movenent of t h e  Hip 

1.2.1. ' ( .1  Adduction of t h e  H i p ,  Knee 

1.2.1.7.2 Abduction of t h e  Hip, Leg 

Bent 

S t r a igh t  

1.2.1.7.4 Rotation of t h e  Hip, 
La te ra l  

1.2.1.7.5 Rotation of t h e  Hip, 
Medial 

1.2.1.7.6 Flexion of t h e  Hip 

1.2.1.'(. '( Extension of t h e  Hip 

1.2.1.8 Movement of t h e  Knee 

1.2.1.8.1 Flexion of t h e  Knee, 

1.2.1.8.2 Flexion of t h e  Knee, 

1.2.1.8.3 Rotat ion of t h e  Knee 
La te ra l  

1.2.2.1.4 Grasp Pushing 

1.2.2.1.5 Finger Operations (Pushbutton) 

1.2.2.1.6 Finger Pu l l ing  Operat ions 

1.2.2.1.7 Rotat ion of Hand 

1.2.2.1.8 Movement of t h e  Wrist 

1.2.2.1.9 Movement of t h e  Whole Hand 

1.2.2.2 Movements of t h e  Arm 
1.2.2.N Others 

1.2.3 Total  Body Movements 

1 .2 .3 .1  Standing 

1.2.3.2 S i t t j n g  S i t t i n g  
1.2.3.3 Walking 

S i t t i ng ,  1.2.3.4 Running 

1.2.3.5 Crawling 

1.2.3.6 Climbing 

l.2.3.N Others 

1.3 Centers of Gravity and Moments 
St and ing of I n e r t i a  of Body 

Kneeling 1.3.1 Center of Gravity and Pos i t i on  
o.f Body 

1.3.1.1 Standing, A r m s  a t  Side 

1.2.1.9.1 

1.2.1.9.2 

1.2.1.9.3 

1.2.1.9.4 

1.2.1.9.5 

1.2.1.8.4 Rotation of t h e  Knee, 1.3.1.2 Standing, Arms Overhead 

1.2.1.9 Movement of t h e  Ankle 
1.3.1.3 Spread Eagle 

1.3.1.4 S i t t i n g  

Medial 

Adduction of t h e  Ankle 1.3.1.5 S i t t i n g ,  Forearms, Down 
Abduction of t h e  Ankle 

Flexion of t h e  Ankle 

Ektension of t h e  Ankle 

Rotat ion of t h e  A n k l e  

1.3.1.6 S i t t i n g ,  Thighs Elevated 

1.3.1.7 Relaxed and Weightless 

1.3.1.8 Couch Pos i t i ons  (e.g. ,  i n  
spzcecraf t 

1.2.2 Complex Movements 1.3.2 M;tsses of Segments of t h e  Body 

1.2.2.1 Movements of  t h e  Hand 1.3.2.1 Head, Neck and Trunk 

1.2.2.1.1 Palmar 1.3.2.2 Upper Extremities,  Total  

1.2.2.1.2 Finger  Tip Prehension 1.3.2.3 Upper Arms, Both 

1.2.2.1.3 La te ra l  Prehension 1.3.2.4 Forearms and Hands, Both 
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1.3.; . ' I  

1.3.2.6 
1. '5.2.7 

1.3.2.8 
1.3.2.9 

1.3.2. i o  
1.3.2.11 

Forearms, Both 1.5.2 ; : i i?f 'L(*e [ 1' Body, Semi-Ereci 

Hands, Both 1.5.3 Surfact o i  Body, Seated 

Lower Extremit ies ,  Tota l  1 .5 .4  Surl 'aee of Body, Crouched 

Upper Legs, Both 1.5.5 Surfnc:;-> r,f Body, Pro jec t io : , r  

Lower Legs P lus  Feet ,  Both 1.6 Dimension;, Mass and Volume of' 
Orgaris arid Body P a r t s  ( i n  inchps 
o r  mi l l imeters ,  and ounces or Lower  Legs, Both 

Feet, Both grams 1 
1 . 4  Strength and Endurance of t h e  1.6.1 Body, Tota l  

1 . k . l  Strength and Endurance of  t h e  
Hands 

1 .4 .1 .1  Hand Grip 

l .L. l .2  Hand Prehension 

1 .4 .1 .3  Rotation of Wrist 

1.4.2 

Muscles ( i n  foot/pounds) 1.6.2 Muscle 

1.6.3 Skin 

1.6.4 Skin an2 Subcutaneous Tissue 

1.6.5 Fa t  

1.6.6 Skeleton 

1.6.6.1 Without Bone Marrow Strength and Endurance of Arms 

1.4.2.1 

1.4.2.2 

1.4.2.3 

1.4.2.4 

1. '+.2.5 

- 
Push ( includes r i g h t  and l e f t  
arms and fo rce  exerted f o r  
various pos i t i ons  and f lexi-  
ons o f  t h e  arms, and ranges 
of movement) 

P u l l  (same as above) 

Right  Movement (same as 
above) 

Left Movement (same as above) 

Combinations of Movements, 
Both A r m s  

1.6.6.2 Red Marrow 

1.6.6.3 White Marrow 

1.6.7 Blood 

1.6.8 Gas t ro in t en t ina l  Tract  

1.6.9 Gas t ro in t e s t ina l  Tract,  

1.6.9.1 Stomach 

1.6.9.2 Upper Large I n t e s t i n e  

1.6.9.3 L o w e r  I a rge  I n t e s t i n g  

(excluding conten ts )  

Cont.ent s 

1.4.3 Strength and Endurance of Back 1.6.9.4 Small I n t e s t i n e  

1.4.4 Strengt,h and Endurance of Legs 1.6.10 Liver 

1.4.4.1 Extenston of Leg 1.6.11 Brain 

1.4.4.2 Extension of  Ankle 1.6.12 Lungs, Both 

1.4.4.N Others 1,6,13 Ly?Ephgjr' Tiasuc 

1 .5  Surfaces of t h e  Body and Body 1.6.14 Kidneys, Both 
P a r t s  ( i n  square inches or 
square meters) 1.6.15 Heart 

1.6.16 Spleen 1 . 5 . 1  Surface of t h e  Body, Erect  

. 
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1.6.17 
1.6.18 
1.6.19 
1.6.20 

1.6.21 

1.6.22 

1.6.23 

1.6.25 

1.6.26 

1.6.27 

1.6.28 

1.6.24 

Bladder 

Pancreas 

Sa l ivary  Glands 

Testes, Both 

Spina l  Cord 

Eyes, Both 

Thyro i d  

Teeth 

P r o s t r a t e  Gland 

Adrenal Glands, Both 

Thymus 

Other (Blood Vessels, Nerves, 
e t c . )  

1.7 Composition of t h e  Body 

2. Physiological  Standards 

2.1 Functions of t h e  Respiratory 

2.1.1 Movement of A i r  

2.1.1.1 

System 

Rate of Breathing ( i n  breaths/  
minut e) 

(normal r a t e s  and va r i a t ions )  

( e f f e c t s  of a c t i v i t y )  

( e f f e c t s  of equipment) 

( e f f e c t s  of environment) 

(atmospheric pressure)  

(atmospheric composition) 

( e t c . )  

( e f f e c t s  of body condi t ion)  

(o thers  ) 
Volume of A i r  ( i n  liters, 
or cubic feet)  

2.1.1.2 

2.1.1.2.1 Insp i r a to ry  Reserve Volume 

(normal l e v e l s  and 
var  i a t  ions ) 

( e t c . )  

2.1.1.2.2 Tida l  Volume 

2.1.1.2.3 Expiratory Reserve Volume 

2.1.1.2.4 Residual Volume 

2.1.1.2.5 Insp i r a to ry  Capacity 

2.1.1.2.6 Functional Residual Capacity 

2.1.1.2.7 V i t a l  Capacity 

2.1.1.3 Pressure i n  t h e  Lungs 

(normal l e v e l  and va r i a -  

( e f f e c t s  of overpressures:  

( e f f e c t s  of underpressure:  

t ions)  

rupture)  

co l lapse)  

2.1.2 Consumption of Oxygen 
( i n  l i t e r s /hour ,  or pounds/hour) 

(normal amounts and r a t e s )  

( e f f e c t s  of a c t i v i t y ;  
oxygen debt, e t c . )  

( e f f e c t s  of equipment; 
p ressure  s u i t ,  e t c . )  

( e f f e c t s  of environment) 

(g rav i t a t ion )  

(atmospheric p re s  sure  ) 
(o thers )  

2.1.3 Product ion of Carbon Dioxide 
( l i t e r s /hour ,  pounds/hour ) 

2.1.4 Production of Water Vapor 
(grams/hour, ounces/hour) 

2.1.5 Exchange of Gases i n  t h e  Lungs 

2.1.5.1 Alveolar Vent i la t ion  
( l i t e rs /minute ,  cubic feet/  
minute) 

2.1.5.2 Alveolar and Arterial Gas 

2.1.5.2.1 Oxygen 

2.1.5.2.2 Carbon Dioxide 

Tens ions ( i n  mm/Hg) 
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2.1.5.3 A r t e r i a l  Blood Gas Contents 

2.1.5.3.1 Oxygen 

2.1.5.3.2 Carbon Dioxide 

2.1.6 Storage of Gases i n  Body 

2.1.6.1 Nitrogen 

2.1.6.2 Oxygen 

2.1.6.3 Carbon Uioxide 

2.1.7 Expenditure of Energy i n  
Respirat ion (foot/poimds 
minute) 

2.2 Functions of  t h e  Digest ive System 

2.2.1 Requirements f o r  Food 

?.?.l.l Amount of Food ( i n  pounds and 
k i l o  calories ) 

2.2.1.2 Frequency of Ingest ion 

2.2.1.3 Composition of D i e t  

2.2.1.3.1 Protein and Amino Acids 
(grams/day, ounces/day) 

(normal d i e t  f o r  
expected tasks /  
environments) 

imbalances ) 

(% sa tura t ion)  

( l i t e r s ,  cubic f e e t )  

( e f f e c t s  of d i e t a r y  

2.2.1.3.2 Fat and F a t t y  Acids ( i n  
grams o r  milligrams/day) 

2.2.1.3.3 Carbohydrates ( i n  kilo- 
calor ies/day) 

2.2.1.3.4 Vitamins ( i n  In te rna-  
t i o n a l  Units/day) 

2.2.1.3.5 Minerals ( i n  grams o r  
milligrams/day ) 

2.2.1.4 P a l a t a b i l i t y  and Accepta- 
b i l i t y  of Food) 

2.2.1.5 Digestion of Food 

(normal process)  

( e f f e c t s  of a c t i v i t y )  

( e f f e c t s  of stress) 

(o the r s )  

2.2.2 Requirements f o r  Water 

2.2.2.1 Amount of Water 

2.2.2.1.1 Liquid ( i n  l i t e r s / d a y ,  
o r  pounds/day) 

(normal amounts and 

( e f f e c t s  of  a c t i v i t y )  

v a r i a t i o n s )  

2.2.2.1.2 Food 

2.2.2.2 Frequency of  Inges t  i on  

2.3 Maintenance of  Metabolic: Balances 

2.3.1 Consumption of Oxygen 
( i n  l i t e r s / h o u r ,  o r  pounds/hour) 

(normal amounts and rates) 

( e f f e c t s  of a c t i v i t y )  

( e f f e c t s  of  equipment; 
p re s su re  s u i t s ,  e t c . )  

( e f f e c t s  of  environment) 

( p r e s  sure)  

(temperature) 

(g rav i t a t ion ,  e t  c . ) 
( e f f e c t s  of  body condi t ion)  

2.3.2 

2.3.3 Production of  Work 

2.3.4 

2.3.5 El iminat ion of  Heat ( i n  BTUs/hour) 

2.3.5.1 Loss of Heat, In sens ib l e  

2.3.5.2 Loss of Heat, Latent (sweat) 

2.3.5.3 b s s  of  Heat, Sensible  
(gas steam, water) 

2.3.6 

2.3.7 Production of Water 

Consumption of Food ( i n  Kcal/day) 

Production of Heat ( i n  BTUs/hour) 

( lungs,  si i inj  

Product ion of Carbon Dioxide 
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2.4  Maintenance of  Thermal Balances 

2.4.1 Production of Heat by Body ( i n  
BTUs /hour) 

(normal amounts and  rates; 
un s t r e s sed/ str e s sed , 
probably include core/ 
skin temperatures) 

( e f f e c t s  of a c t i v i t y ,  e t c . )  

2.4.2 Absorption of Heat, from 
Environment ( i n  BTUs/square 
f oot/hour) 

Ab sorp t ion  by Convect ion 2.4.2.1 

2.4.2.2 Absorption by Radiation 

2.4.2.3 

2.4.3 

2.4.3.1 Elimination by Evaporation 

2.4.3.2 El iminat ion by Convect ion 

2.4.3.3 Elimination by Radiation 

2.4.3.4 Elimination by Conduction 

2.4.3.5 Elimination by Respi ra t ion  

2.5 Functions of t h e  Excretory Systems 

2 .5 .1  Excretion o f  Urine 

A b  sorp t ion  by Conduct ion 

Elimination of Heat ( i n  BTUs/ 
square foo t  /hour) 

2.5.4.1 Generation of Sweat 
( i n  m i l l i l i t e r s / h o u r ,  

(amounts and rates a s  
o r  pounds/hour) 

funct ion of  temperatures,  
a c t i v i t y ,  e t c . )  

2.5.4.2 Composition of Sweat 

2.5.5 Excretion of Sa l iva  

2.5.5.1 Generation of  Sa l iva  
( i n  m i l l i l i t e r s / h o u r ,  

2.5.5.2 Composition of Sal iva  

2.5.6 Excretions of  t h e  Skin 

2.5.6.1 Dried Surface Skin 

2.5.6.1.1 Generation of Dried 

o r  ounces/hour) 

Surface Skin ( i n  grams 
and m i l l i l i t e r s / d a y )  

2.5.6.1.2 Composition of  Dried 
Surface Skin 

2.5.6.2 Sebum 

2.5.7 Excretion of Tears and E a r  Wax 

2.5.7.1 Generation of Tears and 
Ear Wax ( i n  grams/hour, 
o r  ounces/hour) 

2.5.7.2 Composition of Tears and 
2.5.1.1 Generation of Urine ( i n  l i t e r s /day ,  Ear Wax 

o r  ounces/day) 
2.5.8 Generation of Hair 

2.5.8.1 Generation of  Hair (normal rate and amounts) 

( e f f e c t s  of d i e t )  (mi l l imeters  and mill igrams/ 
(o the r s )  day 1 

2.5.8.2 Composition of H a i r  

2.5.9 
2.5.1.2 Composition of Urine 

2.5.2 Excretion of Feces Generation of  Nails ( i n  f inge r /  
t oe )  

2.5.2.1 Generation of Feces 
( i n  grams/day, or pounds/day) 2.5.9.1 Generation of  Nails 

(mi l l imeters  and mill igrams/ 
2.5.2.2 Composition of Feces day 1 
2.5.3 Excret ion of F l a t u s  2.5.9.2 Composition of Nails 

2.5.3.1 Generation of F la tus  
( i n  m i l l i l i t e r s / d a y )  

2.6 Functions of t h e  Cardiovascular 
system 

2.5.3.2 Composition of Fiatus 2.6.1 Pei-folliilaiice of the E ~ S I . ~  

2.5.4 Excret ion of Sweat 2.6.1.1 Heart Rate ( i n  cycles/minute) 
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(normal r a t e s  and v a r i -  

( e f f e c t s  of a c t i v i t y )  

( e f f e c t s  of environ- 
ment ) 

(o the r s )  

a t i o n s )  

2.6.1.2 Cardiac Output (volume) 

2.6.1.3 Heart Rhythm 

2.t1.2 Di s t r ibu t ion  of Blood i n  t h e  
A r t e r i a l  and Venous Systems 

2.6.2.1 Blood Pressure  ( s y s t o l i c /  
d i a s t o l i c )  ( i n  mm Hg) 

v a r i a t i o n s )  
(normal l e v e l s  and 

( e f f e c t s  of a c t i v i t y )  

( e f f e c t s  of  environ- 
ment ) 

(o the r s )  

2.6.2.2 Blood Flow 

( d i s t r i b u t i o n s  i n  arteries 
and ve ins  , c a p i l l a r y  
network, and organs) 

2.6.3 

2.6.3.1 
Composition and Volume of Blood 

Volume of Blood ( total ,  plasma, 
c e l l  (red,  white) ) 

(normal amounts and 

( e f f e c t s  of  environment) 

(o the r s )  

var  i a  t ions  ) 

2.6.3.2 Dis t r ibu t ion  of  Blood 

2.6.3.3 Clot t ing Time 

2.7 Maintenance of F lu id  E lec t ro ly t e  

2 .7 .1  

2.7.2 

Balances 

Di s t r ibu t ion  and Amount of F lu ids  

Dis t r ibu t ion  and Amount of Trace 
Elements 

2.7.3 Regulation of  Blood Pressure  

2.7.4 Demineralization of Bones 

2.7.5 Atrophy of Muscles 

2.8 Functions of t h e  Nervous System 

2.8.1 Cent ra l  Nervous System 

2.8.2 Pe r iphe ra l  Nervous System 

2.8.3 Senses, Muscles, and Glands 

2.9 Maintenance of S k e l e t a l  I n t e g r i t y  

2 .9 .1  Demineralization of Bones 

2.9.N Others 

2.10 Ma-intenance of Muscular I n t e g r i t y  

2.10.1 Maintenance of Strength 

2.10.2 Maintenance of Endurance 

2.10.3 Maintenance of Coordination 

2.11 Functions of t h e  Tegmentum 

2.12 Maintenance of Endocrine 

2.12.1 Thyroid 

Balances 

(normal funct ioning)  

( e f f e c t s  of environment) 

(weight lessness)  

(v ib ra t ion )  

( r ad ia t ion )  

(temperature) 

( c i r cad ian  rhythms) 

( confinement) 

(o the r s  ) 

2.12.2 P i t u i t a r y  

2.12.3 Adrenal Cortex 

2.12.4 Gonads 

2.12. N Others 

2.13 Maintenance of Immunological 

2.N Others 

Responses 
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3,  Psychological Standards 
(i.e., performance c a p a b i l i t i e s  
of man) 

Functions of t h e  Visual Sense 3 .1  
3.1.1 F i e l d  of  Vision 

3.1.1.1 Monocular Visual F i e ld  

3.1.1.1.1 Monocular Visual F i e l d  

3.1.1.1.1.1 Fixed 

3.1.1.1.1.1.1 Centra l  

3.1.1.1.1.1.2 Per iphera l  

3.1.1.1.2 Movement of Eyes 

3.1.1.1.3 
3.1.1.2 Binocular Visua l 'F ie ld  

3.1.2 Discrimination of Light 

3.1.2.1 Light and Dark Adaptation 

3.1.2.2 S e n s i t i v i t y  Thresholds 
(Ab s o l u t e  D i s c r  iminat ion) 

3.1.2.3 Brightness Thresholds 
(Difference Discriminat ion)  

3.1.2.4 Brightness Tolerances 

3.1.2.5 F l i cke r  and Fusion Thresholds 

( i n  degrees/or a r c s )  

Movement of Eyes and Head 

( i n  l igh t -dark  cycles  per  
second) 

Relat ionships  
3.1.3 Discrimination of S p a t i a l  

3.1.3.1 Acuity 

3.1.3.1.1 Thresholds 

3.1.3.1.1.1 Detect ion 

(normal l e v e l s )  

( e f f e c t s  of environ- 
ment ) 

( l e v e l s  of 
i l lurninat ion) 

(acce lera t ion)  

(o the r s )  

3.1.3.1.1.2 Recognition 

3.1.3.2 Depth Discriminat ion 

3.1.3.3 Form Discrimination 

3.1.3.4 Movement Discrimination 

3.1.3.4.1 F ron ta l  (Tangent ia l )  

3.1.3.4.1.1 Central  

3.1.3.4.1.2 Pe r iphe ra l  

3.1.3.4.2 Depth (Radial)  

3.1.3.4.2.1 Central  

3.1.3.4.2.2 Pe r iphe ra l  

3.1.3.5 Orientat ion 

3.1.4 Discrimination of Color 

3.l.4.1 Absolute Discr iminat ions 
(number of co lors  c o r r e c t l y  
i d e n t i f i e s  i n  i s o l a t i o n )  

3.1.4.1.1 Hue 

3.1.4.1.2 Sa tura t ion  

3.1.4.1.3 Brightness 

3.1.4.2 Rela t ive  Discr iminat ions 
(number c o r r e c t l y  i d e n t i f i e d  
i n  p a i r s  o r  l a r g e r  groups) 

Functions of t h e  Auditory Sense 
( i . e . ,  Bioacoustics) 

3.2 

3.2.1 Reception of S igna ls  

3.2.1.1 Absolute Thresholds 

( i n  frequency/amplitude/t ime) 

(normal l e v e l s )  

( e f f e c t s  of environment) 

(noise)  

(pressure  l e v e l s )  

(o the r s )  

3.2.1.2 Difference Thresholds 

3.2.2 Reception of Speech (measured 
i n  i n t e l l i g i b i l i t y  ind ices)  
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3.2.2.1 Range of Speecli 3.4.1.1.: Dir t \  r t nce  

3.2.P.2 Masking of Speech 3.4.1-2 Adaptat,ion 

3.2.2.3 I d e n t i f i c a t i o n  of Voices 3.4.7 Per  :el t ioii  of Touch 

3.2.2.4 I n t e l l i g i b i l i t y  of Speech 3.4. 3 percept ioil  o f  Pain 

3.3 Functions of t h e  Kines the t ic  and 3.5 Fun21 ions  of t h e  Olfac tory  and 
Vest ibular  Senses Gustatory nenses 

3.3.1 

3.3. I. 1 

3.3.1.2 Perception of V e r t i c a l  with 
Pos tu ra l  and Visual Cues i n  
Confl ic t  

Perception of Hand and Arm 
Pos i t  ion 

Perception of Pos i t i on  of  Body 
and Limbs 

Percept ion of V e r t i c a l  by 
Posture Cues 

3.3.1.3 

3.3.2 Perception of Movement of Body 

3.3.2.1 Perception of Accelerat ion 

3.3.2.1.1 Ljnear Accelerat ion 

3.3.2. I .2 Angular Accelerat ion 

3.3.2.2 

and Linibs 

of Body 

Perception of Rotation of Body 

( I l l u s i o n s )  

(Vertigo) 

(Motion Sickness) 

3.3.3 Perception of Pos i t i on  of Objects 
and Vehicles ( i . e., s p a t i a l  
o r i e n t a t  ion) 

Vehicles ( ind iv idua l  i n  
vehic les  ) 

3.4 Capab i l i t i e s  of t h e  Somest.hetic 

3.4.1 Perceptioii of Temperature 

3.4.1.1 Thresholds 

3.4.1.1.1 Absolute 

3.3.4 Pei*ception of Movement of  

S ~ Z E ~ C   kin S e i i s i t i v i i y j  

3.5.1 Percept ion of Odors 

3.5.2 Pcrcf-ption of Tastes 

3.6 
3 .6 .1  Iden t i l ’ i ca t ion  of  Objects 

3.6.2 Recognit iorL of P a t t e r n s  

3.h.N Others  

3.7 Capab i l i t i e s  for Problem Solvini, 
and Decision-Making Behavior 

3.7.1 Problem Solving 

3.7.2 Decision Making 

3.7.2.1 Unaided Decision Making 

3.7.2.2 Decision Making Aided by 

Fu,ic t i oils of Percept ion 

a n d  Ebents 

Techniques and Technology 
(Heuris t i c s )  

3.8 Capab i l i t i e s  f o r  Learning and 

3.8.1 Learning 

3.8.2 liet en t  ion 

3.8.2.1 Short-term 

3.8.2.2 hng- t e rm 

3.9 Capab i l i t i e s  f o r  Sensory-Motor 
Ee hav i o r  

3.9.1 Pursu i t  Tracking 

J .9.1.1 

3.9.1.2 External  Visual  F i e l d  

3.9.2 Compensatory Tracking 

Retention 

Tnt e r n a l  Visua l  F i e l d  
(d i sp lays )  

( t e r r a i n ,  e t c . )  
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3.10 Capabilities for Motor Responses 4.2.1 Tolerances to Chemical Compounds 
3.10.1 Movements 4.2.1.1 Carbon Dioxide 

3.10.1.1 Simple Movements 4.2.1.2 Carbon Monoxide 

3.10.1.2 Complex Movements 4.2.2 Tolerances to Microbial Agents 

3.10.1.3 Whole Body Movements 4.3 Tolerances to Acceleration 

3.10. N Others 4.3.1 Tolerances to Linear Acceleration 
3.11 Capabilities for Generat ion of 4.3.1.1 Tolerances to Impact 

3.11.1 Levels Coronal Plane 
3.11.2 Languages (vocabularies/, 4.3.1.1.2 Tolerances to Impact in the 

4.3.1.1.1 Tolerances to Impact in Speech 

syntax) Sagittal Plane 

3.N Others 
4. Environmental Standards 
4.1 Tolerances to Atmosphere 

4.3.1.1.3 

4.3.1.1.4 Tolerances to Impact in 

Tolerances to Impact in the 
Transverse Plane 

Off-Axis Planes 

4.1.1 Tolerances to Composition 4.3.1.1.N Others 
4.1.1.1 Single Gas 

4.1.1.2 Two Gas Acceleration 
4.1.2 Tolerances to Pressure 4.3.1.3 Tolerances to Sustained 

4.1.2.1 Tolerances to Overpressure 

4.3.1.2 Tolerances to Brief Linear 

Linear Acceleration 

4.1.2.1.1 Continuous Overpressure 4.3.1.3.1 Tolerances to Forward 
Sustained Linear 

4.1.2.1.2 Blast Acceleration 

4.1.2.2 Tolerances to Underpressure 
4.1.2.2.1 Continuous Underpressure 

(Performance Limits) 
(Rnergency Limits) 

4.1.2.2.2 Decompression 4.3.1.3.2 Tolerances to Rearward 
4.1.3 Tolerances to Temperature and 

Humidity (Performance Limits) 

Sustained Linear Acceleration 

(Normal Range) (Rnergency Limits) 
(Performance Limi4 s) 4.3.1.3.3 Tolerances to Upward Sustained 

(Rnergency Limits) 
Linear Accleration 

4.3 .l. 3.3.1 Performance Limits 4.2 Tolerances to Contaminants and 
Toxicants 4.3.1.3.3.2 Etnergency Limits 
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4.3.1.3.4 Tolerances t o  Downward 
Sustained Linear Accelerat ion 

4.3.1.3.5 Tolerances t o  Sideward 
Sustained Linear Accelerat ion 

4.3.2 Tolerances t o  Radial  Accelerat ion 

4.3.2.1 Tolerances t o  R o l l  (Right/Left) 

4.3.2.2 Tolerances t o  P i t c h  

4.3.2.3 Tolerances t o  Yaw (Right/Left)  

4.3.3 Tolerances t o  Angular  Accelerat ion 

4.4 Tolerances t o  Gravi ta t ion 

4.4.1 Tolerances t o  Reduced Gravi ta t ion  

4.4.2 Tolerances t o  Weightlessness 

4.4.3 Tolerances t o  Increased Gravita- 

4.5 Tolerances t o  Vibration 

4.5.1 Tolerances t o  Ver t i ca l  Vibrat ion 

4.5.1.1 Tolerances t o  Whole Body 

(Up/Down) 

t ion 

Vibration 

(Performance L i m i t s )  

(Rnergency L i m i t s )  

4.5.1.2 Tolerances t o  b c a l i z e d  Vibrat ion 

4.5.2 Tolerances t o  Transverse Vibrat ion 

4.5.2.1 

4.5.2.2 Tolerances t o  Localized Vibrat ion 

4.6 Tolerances t o  Noise 

4.6.1 Tolerance t o  Inf rasonic  Noise 

4.6.2 Tolerances t o  Audio Range Noise 

4.6.3 Tolerances t o  Ul t rasonic  Range 

4.7 Tolerances t o  Radiation 

4.7.1 Tolerances t o  Non-Ionizing 

4.7.1.1 Tolerances t o  Radiowaves 

4.7.1.2 Tolerances t o  Microwaves 

Tolerances t o  Whole Body Vibration 

Koise 

Radiation 

4.7.1.3 Tolerances t o  Inf ra red  

4.7.1.4 Tolerances t o  Vi s ib l e  Light 

4.7.1.5 Tolerances t o  UltravirJ le t  

4.7.2 Tolerances t o  Ioniz ing  

4.7.2.1 Tolerances t o  X-rays, gamma 

Radiation 

rays,  b e t a  rays,  neutrons, 
protons, alpha p a r t i c l e s ,  
e t c .  

(Nominal Yearly Doses) 

(Etnergency Single  
Exposure L i m i t s )  

4.8 Tolerances t o  Food and Water 
( e f f e c t s  of de f i c i enc ie s )  

4.9 Tolerances t o  Drugs, I l l n e s s e s  
and I n j u r i e s  

4.9.1 Ef fec t s  of I l l n e s s e s  

4.9.2 Ef fec t s  of I n j u r i e s  

4.9.3 Effec ts  of Drugs 

4.10 Tolerances t o  Deviations i n  
Circadian Rhythms 

4.11 Tolerances t o  I s o l a t i o n  and 
Confinement 

4.11.1 Tolerances t o  I s o l a t i o n  

4.11.1.1 Physical  

4.11.1.2 Soc ia l  

4.11.2 Tolerances t o  Confinement 

4.11.2.1 Encapsulation 

4.11.2.2 Mandatory ( s o c i a l )  

4.12 Tolerances t o  Combined 
Eyyircmectal stre B B e s 

4.13 Tolerances t o  Soc ia l  

4 .N  Others 

Environment 



Appendix E :  C a t e g o r i e s  and Parameters  for A p p l i c a t i o n  S t a n d a r d s  

5. L i f e  Support Engineering Standards 

5 . 1  Design of S u i t s  and Portable L i f e  
Support Equipment (support/ 
protect ion aspects) 

5.1.1 Design of Clothing 

5.1.2 Design of Anti-Exposure S u i t s  

5.1.3 Design of Pressure S u i t s  

5.1.4 Design of Portable L i f e  Support 
Equipment 

5.2 Selection and Design of Occupancy 
and R e s t r a i n t  Equipment 

5.3 Design of Environmental Control 
Systems 

5.3.1 Control of Atmosphere 

5.3.1.1 Control  of Pressure 

5.3.1.2 Cont ro l  of Composition 

5.3.1.3 Cont ro l  of Temperature and 
Humidity (Heat ing/Cooling/ 
Vent i la t ion)  

5.3.1.4 Control of Contaminants and 
Toxicants 

5.3.2 Control of Water 

5.3.3 Control of Waste 

5.3.4 Control  of Radiation 

5.3.4.1 Control of Non-ionizing 
Radiation (visible/infrared/ 
ultra v i o l e t )  

5.3.5 Control of Noise 

5.3.5.1 Control a t  Noise Source 

5.3.5.2 U s e  of Ear Plugs 

5.3.5.3 U s e  of Ear Muffs 

5.3.5.4 U s e  of Helmets 

5.3.6 Control of Vibrat ion 

5.4 Design of Food and Water 
Management Systems 

5.4.1 Preservation of Food 

5.4.2 

5.4.3 Preparation of Food 

Packaging and Storage of Food 

5.4.4 Consumption of Food 

5.4.5 Recons t i tu t ion  of Food 

5.4.6 Disposal of Residues 

5.4.7 Determination of Water Requirements 

5.4.8 Pur i f ica t ion  of Water 

5.4.9 Consumption of Water 

5.5 Design of Waste Management Systems 

5.5.1 Determination of Waste 
Management Requirements 

5.5.2 Design of Hygiene S ta t ions  

5.5.3 Disposal of Waste Products 

5.3.4.2 Control  of Ioniz ing  Radiation 
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5.6 Select ion and Design of 5.9.2 Design of  Ejec t ion  Equipment 
Monitoring Equjpment 

5.9.2.1 Design of Sea ts  
5.6.1 Select ion of Phys io logica l  

and Performance Parameters 5.9.2.2 Design of Capsules 
t o  be Monitored 

Select ion o r  Design of Sensors 
5.9.N Others 

6. Human Engineering Standards 
5.6.2 

5.6.3 Select ion o r  Design of 
Processing Equipment 6 .1  U t i l i z a t i o n  of Personnel 

5.6.4 Select ion o r  Design of 
Recording Equipment 

5.6.5 Select ion o r  Design of 
Trsnsmission Systems 
(Telemetry) 

5.6.6 Techniques f o r  Analysis 
of Data 

5.6.6.1 Display of Data 

5.6.6.2 Reduction of Data 

6.1.1 AllocaLion of  Functions 

6.1.1.1 Al loca t ion  of Functions 
between Personnel and Equipment 

6.1.1.1.1 Establishment of t h e  Level 
of Automaticity 

6.1.1.1.2 I d e n t i f i c a t i o n  of  t h e  Human 
Funct ions  

6.1.1.2 Al loca t ion  of Functions 
between Personnel 

5.7 Provisions f o r  Hygiene and 6.1.1.2.1 Determination of Duty S ta t ions  
Medical Supplies 

6.1.1.2.2 Fur ther  I d e n t i f i c a t i o n  of  
5.7.1 Provisions f o r  Medications Human Functions (Tasks) 

5.7.2 Provisions f o r  Dressings 

5.7.3 Design and Se lec t ion  of 
Monitoring Equipment 

5.7.4 Provisions f o r  Hygiene Supplies 
and Equipment 

5.8 Provisions f o r  Maintaining Bodily 
Condition 

5.9 Select ion and Design of  Escape, 
Survival, and Recovery Equipment 

6.1.1.2.2.1 Determination of Information 
Requirements 

6.1.1.2.2.2 Determination of Problem 
Solving/Decision Making 
Requirements 

6.1.1.2.2.3 Determination of 
Control Requirements 

u.~.~.z.z.& L Determination or Sequences 
and Timing f o r  Performance 
of t h e  Tasks 

5.9.1 Determination of Operat ional  and 6.1.1.2.3 Determination of Personnel 
Environmental Conditions Support and P ro tec t ion  

Requirements ( l i f e  support)  



. BELLCOMM, INC. E-3 

6.1.1.2.4 I n i t i a l  Determination of t h e  
Types and lhmbers of Personnel 

6.2 Se lec t ion ,  Design, and U t i l i z a t i o n  
of Displays 

6.2.1 Se lec t ion  and U t i l i z a t i o n  of 
Displays 

Letter, Shape, Size,  
Brightness ,  Lo c a t  ion,  
Flash,  Line Length, 
Angular Orientat ion,  
S t e ro  s copic Depth, 
Pat tern/Configurat  ion, 
and/or Auditory 
(supplementary) ) 

6.2.1.1 Detai led Determination of 6.2.2.1.1.3 R e l i a b i l i t y  

6.2.2.1.1.3.1 Equipment 
Requirements f o r  Information 

6.2.1.1.1 Ty-pe of Information 
( q u a l i t a t  ive/quant i ta t  ive) 6.2.2.1.1.3.2 Informat ion 

6.2.1.1.2 Complexity of Information 6.2.2.1.1.4 Main ta inabi l i ty  

6.2.1.2 Detai led Determination of 
Conditions of  U t i l i z a t i o n  

6.2.1.2.1 Compatability between 
Controls and Displays 

6.2.2.1.2 Ind ica to r  Lights  

6.2.2.1.2.1 Dimensions 

6.2.2.1.2.2 I l lurninat  ion 

6.2.1.2.2 Cons t ra in ts  Imposed by 6.2.2.1.2.3 Coding 
Work Environment 

6.2.2.1.2.4 Legends 
6.2.1.2.3 Frequency with which Information 

is  Used 6.2.2.1.2.5 R e l i a b i l i t y  

6.2.1.3 Determination of Ava i l ab i l i t y  of 
Required S igna ls  

6.2.1.4 Determination of Ava i l ab i l i t y  
of Required Displays Components 

6.2.2 Design of Displays 

6.2.2.1 Design of Visual  Displays 

6.2.2.1.2.6 Main ta inab i l i t y  

6.2.2.1.3 S ingle  Character D i g i t a l  
and Word Readout Displays 

6.2.2.1.3.1 Dimensions 

6.2.2.1.3.1.1 Display Surface 

6.2.2.1.3.1.2 Characters  
6.2.2.1.1 General 

6.2.2.1.3.2 Il lurninat ion 
6.2.2.1.1.1 V i s i b i l i t y  (Dimensions of 

c r i t i c a l  d e t a i l s ,  Contrast, 
I l luminat ion,  and F l i cke r )  

6.2.2.1.3.3 Coding 

6.2.2.1.3.4 Legends 
6.2.2.1.1.2 Coding (Color, Numeral and 
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6.2.2.1.. 3.5 Reliabi1it .y 

6.2.2.1.3.6 Main ta inabi l i ty  

6.2.2.1.4 Meters, Dials,  and Gages 

6.2.2.1.4.1 Scales  

6.2.2.1.4.1.1 Scale  Marker Dimensions 

6.2.2.1.4.1.2 Scale  Numbers and Numeri- 
c a l  Progression 

6.2.2.1.4.1.3 In t e rpo la t ion  and Gradu- 
a t i o n  I n t e r v a l  

6.2.2.1.4.1.4 Mult iple  and Nonlinear 
Scales 

6.2.2.1.4.2 Poin ters  

6.2.2.1.4.3 I l lumina t ion  

6.2.2.1.4.4 Coding 

6.2.2.1.4.5 Legends 

6.2.2.1.4.6 R e l i a b i l i t y  

6.2.2.1.4.7 Main ta inabi l i ty  

6.2.2.1.5.5 I l lumina t ion  

6.2.2 .. 1 .3 .6  Coding 

6.2.2.1.5.7 Legends 

6.2.2.1.5.8 Control 

6.2.2.1.5.9 R e l i a b i l i t y  

6.2.2.1.5.10 Main ta inabi l i ty  

6.2.2.1.6.1 Capacity 

6.2.2.1.6.2 Dimensions 

6.2.2.1.6.3 Arrangement and Location 

6.2.2.1.6.4 Materials 

6.2.2.1.6.4.1 Paper 

6.2.2.1.6.4.2 I& 

6.2.2.1.6.5 Formats 

6.2.2.1.6.6 I l lumina t ion  

6.2.2.1.6.7 Coding 

6.2.2.1.6.0 Legends 
6.2.2.1.5 Multiple Character Alphanu- 

meric, Graphic, and Pic- 
t o r i a l  Displays 
(Cathode Ray Tubes , Opt ica l  
Pro jec t ion  Displays,  e t c . )  

6.2.2.1.5.1 Capacity 

6.2.2.1.5.2 Dimensions 

6.2.2.1.5.3 Arrangement and Location 

6.2.2.1.5.4 Formats 
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6.2.2.1.6.9 Control 
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6.3.1.1.3 Conformity with Prec is ion  
Requirements 

6.2.2.1.6.10 R e l i a b i l i t y  
6.3.1.1.4 Force and Range of  Se t t i ngs  

6.2.2.1.6.11 Main ta inabi l i ty  
6.3.1.1.5 Combinations of  Controls 

6.2.2.1.6.12 Noise 
6.3.1.1.6 Environment 

6.2.2.1.7 Permanent Record, Graphic 
Displays (Recorders , 
P l o t t e r s )  

6.3.1.2 Discre te  Controls 

6.3.1.2.1 Requirements for Control 
6.2.2.1.7.1 Capacity 

6.3.1.2.2 Conditions of U t i l i z a t i o n  
6.2.2.1.7.2 Dimensions 

6.3.1.3 Continuous Controls 
6.2.2.1.7.3 Arrangement and Location 

6.3.1.3.1 Requirements f o r  Control 
6.2.2.1.7.4 Materials 

6.3.1.3.2 Conditions of U t i l i z a t i o n  
6.2.2.1.7.5 Formats 

6.3.2 Design of Controls 
6.2.2.1.7.6 I l luminat ion 

6.3.2.1 General 
6.2.2.1.7.7 Coding 

6.3.2.1.1 Control/Display Rat io  
6.2.2.1.7.8 Legends 

6.3.2.1.1.1 Optimization of Rat io  
6.2.2.1.7.9 Control 

6.2.2.1.7.10 R e l i a b i l i t y  

6 .3  Se lec t ion ,  Design, and Ut i l i za t ion  
of Controls 

6.3.1 Se lec t ion  and U t i l i z a t i o n  of 
Controls 

6.3.1.1 General 

6.3.1.1.1 Division of Work Between 
Body Limbs 

6.3.1.1.2 Compatibil i ty with Control- 
l e r  Object o r  Display 

6.3.2.1.1.2 Factors  which Affect  
Rat io  (Gear Rat io  , 
Tolerance , Display S ize  , 
Viewing Distance , and 
Time  Delays) 

6.3.2.1.2 Resis tance (Spring Loading 
( E l a s t i c  Resis tance)  , 
S t a t i c  ( S t i c t i o n )  , Viscous 
Damping (F lu id  F r i c t i o n a l  
Resis tance)  , I n e r t i a  
( I n e r t i a l  Res i s t ance ) ,  
Coulomb F r i c t i o n  (S l id ing  
or Kinet ic  F r i c t i o n ) ,  and 
Operator Strength and 
Force Capacity) 
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6.3.2.1.3 Coding (Shape, Size, Color, 
Location, Labeling) 

6.3.2.2.3.1 IIirncrisions 

6.3.2.2.3.2 Displacement 
6.3.2.1.4 Compatibility between 

Controls and Displays 6.3.2.2.3.3 Res is t ance 

6.3.2.1.5 Accidential Activation of 
Controls (Recessing, 
Location, Orientation, 
Covering, Locking, 
Operation Sequencing, 
and Resistance) 

6.3.2.2.3.4 Coding 

6.3.2.2.3.5 Accidental Activation 

6.3.2.2.3.6 Other 

6.3.2.2.4 Rotary Selector Switches 
(Bar-Shaped Controls ) 6.3.2.2 Hand Controls 

6.3.2.2.4.1 Dimensions 6.3.2.2.1 Push Buttons 

6.3.2.2.1.1 Dimensions 6.3.2.2.4.2 Displacement 

6.3.2.2.4.3 Resistance 6.3.2.2.1.2 Displacement 

6.3.2.2.1.3 Resistance 6.3.2.2.4.4 Coding 

6.3.2.2.4.5 Accidental Activation 6.3.2.2.1.4 Coding 

6.3.2.2.1.5 Illumination 6.3.2.2.4.6 Other 

6.3.2.2.1.6 Accidental Activation 6.3.2.2.5 Rotary Selector Switches 
(Thumbwheel Controls) 

6.3.2.2.1.7 Other 
6.3.2.2.5.1 Dimensions 

6.3.2-2-2 Keyboards 
6.3.2.2.5.2 Displacement 

(Between Adjacent Detents) 6.3.2.2.2.1 Dimensions 

6.3.2.2.2.2 Displacement 6.3.2.2.5.3 Resistance 

6.3.2.2.5.4 Coding 6.3.2.2.2.3 Resistance 

6.3.2.2.2.4 Coding 6.3.2.2.5.5 Accidental Activation 

6.3.2.2.5.6 Other 6.3.2.2.2.5 Illumination 

6.3.2.2.2.6 Accidental Activation 6.3.2.2.6 Continuous Position Controls 
(Knobs ) 

6.3.2.2.2.7 Other 
6.3.2.2.6.1 Dimensions 

6.3.2.2.3 Toggle Switches 
6.3.2.2.6.2 Displacement 
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6.3.2.2.6.3 Resistance 

6.3.2.2.6.4 Coding 

6.3.2.2.6.5 Accident a1 Act ivat ion 

6.3.2.2.6.6 Other 

6.3.2.2.7 Handwheels 

6.3.2.2.7.1 Dimensions 

6.3.2.2.7.2 Displacement 

6.3.2.2.7.3 Resistance 

6.3.2.2.7.4 Coding 

6.3.2.2.7.5 Accidental  Act ivat ion 

6.3.2.2.7.6 Other 

6.3.2.2.8 Handcranks 

6.3.2.2.8.1 Dimensions 

6.3.2.2.8.2 Displacement 

6.3.2.2.8.3 Resistance 

6.3.2.2.8.4 Coding 

6.3.2.2.8.5 Accidental  Act ivat ion 

6.3.2.2.8.6 Other 

6.3.2.2.9 Levers 

6.3.2.2.9.1 Dimensions 

6.3.2.2.9.2 Displacement 

6.3.2.2.9.3 Resis tance 

6.3.2.2.9.4 Coding 

6.3.2.2.9.5 Accidental  Act iva t ion  

6.3.2.2.9.6 Other 

6.3.2.3 Foot Controls 

6.3.2.3.1 Foot Push Buttons 

6.3.2.3.1.1 Dimensions 

6.3.2.3.1.2 Displacement 

6.3.2.3.1.3 Resistance 

6.3.2.3.1.4 Coding 

6.3.2.3.1.5 Accidental  Act ivat ion 

6.3.2.3.1.6 Other 

6.3.2.3.2 Pedals 

6.3.2.3.2.1 Dimensions 

6.3.2.3.2.2 Displacement 

6.3.2.3.2.3 Resis tance 

6.3.2.3.2.4 Coding 

6.3.2.3.2.5 Accidental  Act ivat ion 

6.3.2.3.2.6 Other 

6 .4  Se lec t ion ,  Design, and U t i l i z a t i o n  
of Control/Display Systems 
(Manual Tracking Systems ) 

6.4 .1  Se lec t ion  and U t i l i z a t i o n  of 
Control/Display Systems 

6.4.2 Design of Control/Display Systems 

6.5 Se lec t ion  Design and U t i l i z a t i o n  
of Communication Equipment 
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6 . 5 . 1  Select ion and U t i l i z a t i o n  of 
Communication Equipment 

6.6 Se lec t ion ,  Design, and 
U t i l i z a t i o n  of Control/Display 
Panels and Controls 

6 . 5 . 1 . 1  General 
6.6.1 Design of  Control/Display 

Panels and Consoles 6 . 5 . 1 . 1 . 1  Requirements for 
Speech Communi c a t  ion 

6 .6 .1 .1  Pos i t ion  of  Operator 
6.5.1.1.1.1 Speech In te r fe rence  

Levels 6.6.1.1.1 Performance of  Visual  
Ope r a t ions  

6.5.1.1.1.2 Effec ts  of Reverberation 
on Speech 6.6.1.1.1.1 Seated Pos i t i on  

6.5.1.1.1.3 I n t e l l i g i b i l i t y  of Speech 6.6.1.1.1.2 Standing Pos i t i on  

6.6.1.1.1.3 Or ien ta t ion  of  Displays 6 .5 .1 .1 .1 .4  Ef fec ts  o f  Earplugs on 
Speech 

6.6.1.1.2 Performance of  Manual Opera- 
t i o n s  6.5.1.1.2 Arrangement of I n t e r i o r  

Communi ca t ion  Equipment 
6.6.1.1.2.1 Seated Pos i t i on  

6.5.1.1.3 Effects  of Noise on 
Communication 6.6.1.1.2.2 Standing Posi t ion 

6.5.1.2 Telephone 6.6.1.2 Configurations o f  Panels 
and Consoles 

6 .5 .1 .3 Announcing System and/or 
I n t  e r c  ommuni c at  i on Sys t ems 6.6.1.2.1 Contours and Slopes of  

Consoles 
6.5.1.4 Recorded Signals and Direct-  

ions 6.6.1.2.1.1 Display Surfaces 

6.5.1.N Others 6.6.1.2.1.2 Control Surfaces 

6.6.1.2.1.3 Work Surfaces 6.5.2 Design of  Comunication 
Equipment 

6.6.1.2.1.4 Under Console Area 
6.5.2.1 General 

6.6.1.2.2 Arrangement of  Controls and 
Displays 6.5.2.2 Telephone 

6.6.1.2.2.1 P r i o r i t i e s  f o r  Location 
of  Controls and Displays 

6.5.2.2.1 Receiver 

6.5.2.2.2 Handset 
6.6.1.2.2.2 Grouping of Controls and 

Displays 6 .5 .N Etc.  
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6.6.1.2.2.3 Association Between Controls 6 .6 .1 .3 .2.3 Composition 
and Displays 

6.6.2 Design of Support Equipment 

6.6.2.1 Seats  
6.6.1.2.2.4 Spacing of Controls 

6.6.1.2.3 Direction-of-Movement 
Relat ionships  Between 6.6.2.2 Arm and Foot Rests 
Controls and Displays 

6.6.1.2.3.1 Rotary Controls and 
6.6.2.3 Back Rests 

6.7 Design of  Equipment for Maintenance Operat or Orient a t  i on 

6.6.1.2.3.2 Linear  Controls and 6.7.1 General 
Operator Orient a t  ion  

6.7.2 Design of Operational Equipment 
6.6.1.2.3.3 Rotary Controls 

with Rotary Displays 6.7.2.1 Design of Units 

6.6.1.2.3.4 Rotary Controls with 6.7.2.1.1 Location of Components 
Linear Displays 

6.7.2.1.2 Mounting and Assembly of  
6.6.1.2.3.5 Linear Controls with Components and Units 

Rotary Displays 
6.7.2.1.3 I d e n t i f i c a t i o n  of  Units 

6.6.1.2.3.6 Valves and Components 

6.6.1.2.3.7 Push-pull ( Plunger-Type ) 6.7.2.2 Design of Covers and Cases 
Controls 

6.7.2.2.1 Charac t e r i s t i c s  of t h e  
6.6.1.2.3.8 Spring-Loaded Unidirect-  S t ruc tu re  

i o n a l  Controls 
6.7.2.2.2 Fasteners  f o r  Covers and 

6.6.1.2.3.9 Direction-of-Movement Cases 
Relat ionships  i n  
Tracking 6.7.2.2.3 Design of  Handles 

6.6.1.3 Surface F in ish  and Markings 6.7.2.3 Design of  Cables and Connectors 

6.6.1.3.1 F in ish  Color and Gloss 6.7.2.3.1 Design of  Cables 

6.6.1.3.2 Markings 

6.6.1.3.2.1. Location 

6.6.1.3.2.2 Content 

6.7.2.3.2 Routing of Cables 

6.7.2.3.3 Design of Connectors 

6.7.2.4 Accesses t o  Equipment 
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6.7.2.4.1 Shape and Size of  Accesses 6.8 Design o r  Modification of 

6.7.2.4.2 I d e n t i f i c a t i o n  of Accesses 

6.7.2.4.3 Provisions f o r  Safety 

6.7.2.5 Design o f  Test Points  Rooms 

F a c i l i t i e s  

6.8.1 General 

6.8.2 Design o f  Compartments and 

6.7.2.5.1 Location of T e s t  Points  6 .8 .2 .1  Design o f  T r a f f i c  Spaces 

6.7.2.5.2 I d e n t i f i c a t i o n  of T e s t  6.8.2.1.1 Aisles and Corridors 
Points 

6.8.2.1.1.1 Dimensions 

6.8.2.1.1.2 Locat i on/Number of 
6.7.2.6 Displays f o r  Maintenance (uses most 

of t h e  c r i t e r i a  i n  Design of 
Equipment for Operation) Entrances/Exits 

6.7.2.6.1 Select ion of Displays 6.8.2.1.1.3 Location/Number of  Doors 

6.7.2.6.2 Placement of  Displays 

6.7.2.6.3 I d e n t i f i c a t i o n  of Displays 

6.7.2.7 Controls f o r  Maintenance (uses 

Opening on Pass ageway 

r 6.8.2.1.1.4 Levels of I l luminat ion 

6.8.2.1.1.5 F in i sh  

most of t h e  c r i t e r i a  i n  t h e  6.8.2.1.1.6 Signs 
Design of Equipment f o r  
Operation) 6.8.2.1.2 Catwalks and Tunnels 

6.7.2.7.1 Select ion of Controls 6.8.2.1.3 Doorways and Hatches 

6.7.2.7.2 Placement of Controls 6.8.2.1.4 Ladders, S t a i r s  , and Ramps 

6.7.2.7.3 I d e n t i f i c a t i o n  of Controls 6.8.2.1.5 Escalators  and Elevators 

6.7.2.8 I n s t a l l a t i o n  of Operational 6.8.2.1.6 Cei l ings and Overheads 
Equipment 

6.8.2.2 Design of Operating Spaces 
6.7.2.8.1 Space for t h e  Equipment 

6.7.2.8.2 Access t o  t h e  Equipment 

6.7.3 

6.8.2.2.1 S ize  and Movement of  Body 

6.8.2.2.2 Size  of Group 
Select ion and Design of Test 
E qui pme n t 6.8.2.2.3 Mobili ty of Group 

6.7.4 Design o f  Bench Equipment 6.8.2.2.4 S i z e ,  Number, Location, of 
E qu i  pment 
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6.8.2.2.5 Communication between Mem- 
bers  of  Group (v i sua l /  
audi tory ) 

6.9.1.2.1.1.3 Design of  Controls 

6.9.1.2.1.1.4 Design of Windshields 
and Windows 

6.8.2.3 Design of Maintenance Spaces 
6.9.1.2.1.1.5 Control of  Environment 

( i .e .  , i l lumina t ions  , 
sound, v ib ra t ion  , 
temperature , humidity,  
t o x i c a n t s )  

6.8.2.4 Design of Information Centers 

6.8.3 Design o f  Conference Rooms and 
Auditoriums 

6.8.4 Design of  Mult iple  Compartments 
and Rooms 

6.9.1.2.1.2 Design of Auxil iary 
Equipment ( i  .e. , t o o l s  , 
cables  , towbars , l adders  , 
e t c .  1 6.9 Design of Handling and Transport 

Equipment 
6.9.1.2.2 Trucks, Trac tors ,  and Vans 

6.9.1 Design of  Transporting Equipment 
( t r anspor t ing ,  pos i t ion ing ,  
l i f t i n g  equipment , e t c .  ) 

6.9.1.2.3 Fueling Vehicles 

6.9.1.3 L i f t i n g  Equipment 
6.9.1.1 Configuration of Vehicles 

6.9.1.3.1 Hoists and Hoist  Beams 
6.9.1.1.1 V i s a b i l i t y  between C r e w  

Members 6.9.1.3.2 Jacks ,  Elevators  , and L i f t s  

6.9.1.1.2 Functional Design of 
Equi pment 

6.9.1.3.3 Cranes and Sl ings  

6.9.1.3.4 Cradles 
6.9.1.1.3 Color of  Equipment 

6.9.2 Design of Remote Handling 
Equipment ( t o  be  developed) 6.9.1.1.4 Name P l a t e s  and Labels 

6.9.1.1.5 Access ( f o r  operat ion and 
maintenance) 

6.10 Design of  Clothing and Personal  
Equipment (human engineer ing a s p e c t s )  

6.9.1.1.6 Doors and Escape Hatches 6.10.1 General 

6.9.1.1.7 Replacement o f  Units 6.10.2 Se lec t ion  and Design of  Clothing 

6.9.1.2 Design of Transport Vehicles 6.10.3 Se lec t ion  and Design of 
Anti-Exposure S u i t s  

6.9.1.2.1 Supply Trailers 
6.10.3.1 Conformance t o  Bodily 

Dimensions and Contours 6.9.1.2.1.1 Design of  Operator 
Pos i t ions  

6.9.1.2.1.1.1 Design of Seats 

6.9.1.2.1.1.2 Design of  Instrument 
Panels 
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6.10.3.2 Mobility 

6.10.3.3 Donning/Removal 

6.10.3.4 Attachment/Access t o  Portable  
Equipment 

6.10.4 Select ion and Design of P a r t i a l -  
Pressure S u i t s  

6.10.5 Select ion and Design of 
Pressure Su i t s  

6.10.6 Design of Personal (Hand/ 
Back Carried) Equipment 

6.10.6.1 Attachment 

6.10.6.2 P o r t a b i l i t y  

6.10.6.3 Operation 

6.11 Design of  Materials, Aids, and 
Devices for Training and 
Evaluation 

6 .11 .1  General 

6.11.2 Determination of  Requirements 
f o r  Training Mater ia ls  and 
Equipment 

6.11.3 Select ion of Training Materials 
and Equipment 

6 .11 .4  Design of Training Mater ia ls  
and Equipment 

6 . 1 1 . 4 . 1  Design of Training and 
Evaluation Aids 

6.11.4.2 Design of Training and 
Evaluation Devices 

6.11.4.2.2 Development of Training and 
Evaluation Programs and 
Procedures 

6.11.4.2.3 Design of Scoring and 
Recording Equipment 

6.11.4.2.4 Design of F a c i l i t i e s  for 
I n s t r u c t o r s  

6.11.4.2.5 Design of F a c i l i t i e s  for 
Tra ine r  

7. Procedures Development and 
Document a t  i on  Standards 

7 .1  Development o f  Procedures 

7.1.1 General 

7.1.2 Development of Operating Procedures 

7.1.3 Development o f  Maintenance 
Procedures 

7.1.4 Development of Management 
Pro c e dur e s 

7 . l . N  Others 

7.2 Preparat ion o f  I n s t r u c t i o n s  and 
Manuals 

7.2.1 General 

7.2.2 Preparat ion of Operating I n s t r u c t -  
ions 

7.2.2.1 Form of Presentat ion 

7.2.2.2 Content of  Document 

7.2.3 Preparat ion o f  Maintenance 
I n s t r u c t  ions 

. 6.11.h.2.1 Design of Controls ,  
Displays, and Trainee 
S t  a t  ions 
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7.2.4 Preparat ion of Management 
Manuals 

7 . N  Others 

8. Personnel Se lec t ion  and Training 
Standards 

8 .1  Se lec t ion  of Personnel 
( t o  be developed) 

8.1.1 Physical  

8.1.2 Education 

8.1.3 Experience 

8.2 Training and Evaluation of Personnel 
( t o  be  developed) 

8 .2 .1  General 

8.2.2 Determination of Training 
Requirements 

8.2.3 Development of Training Content 
and Methods 

8.2.4 Development of Training,  Programs, 
Courses, and Materials 

9.  Crew Composition Standards 
( t o  be  developed) 

9 .1  General 

9.2 Determination of Requirements fo r  
Types/Numbers of  Personnel 

9 .3  Organization of Personnel 

9.4 Location of Personnel 

9 .5  Communication between Personnel 

9 . N  Others 
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1 Appendix F :  Example o f  u e f i n i t i o n s  f o r  Human S t a n d a r d s  ( V i b r a t i o n )  

a .  V i b r a t i o n  i s  d e f i n e d  as t h e  p e r i o d i c  mot ion  o f  t h e  
p a r t i c l e s  o f  an  e l a s t i c  body or rneaium i n  a l t e r n a t e l y  o p p o s i t e  
d i r e c t i o n s  from t h e  p o s i t i o n  of  e q u i l i b r i u m  when t h a t  e q u i l i b r i u m  
has been  d i s t u r b e d .  The v i b r a t i o n ,  t h e r e f o r e ,  may o c c u r  i n  a i r ,  
l i q u i d ,  or s o l i d  media; however,  t h e  p r i m a r y  conce rn  h e r e  i s  
w i t h  t h e  o s c i l l a t i o n  of  s o l i d  or s e m i s o l i d  b o d i e s  ( e . g . ,  s t r u c t u r e s  
o f  t h e  s p a c e c r a f t )  i n  c o n t a c t  w i th  t h e  human body. Some non- 
a u d i t o r y  e f f e c t s  on t h e  body a r e  p roduced  by t r a n s m i s s i o n  o f  
v i b r a t i o n  t h r o u g h  t h e  a i r ;  however,  most o f  t h i s  o c c u r s  i n  t h e  
a u d i o  r a n g e  and t h e r e f o r e  i s  t r e a t e d  i n  S e c t i o n  5 . 6 :  N o i s e .  

The p a r a m e t e r s  o f  v i b r a t i o n  ( see  F i g u r e  5 .5-1)  
which are  s i g n i f i c a n t  f o r  a n  u n d e r s t a n d i n g  o f  t h e  e f f e c t s  o f  
v i b r a t i o n  on t h e  human body are  as f o l l o w s :  

b .  

1.) Frequency ,  which i s  u s u a l l y  s p e c i f i e d  i n  c y c l e s  
p e r  second  ( c p s )  and may e x t e n d  from g r e a t e r  t h a n  z e r o  t o  t h e  
megacycle  r a n g e  ( see  F i g u r e  5 . 5 - 2 ) :  however ,  t h e  r a n g e  o f  c o n c e r n  
w i t h  r e s p e c t  t o  t h e  e f f e c t s  on t h e  human body i s  c o n f i n e d  t o  l ess  
t h a n  1 0 0 0  c p s .  Most o f  t h e  s i g n i f i c a n t  e f f e c t s  o f  v i b r a t i o n  
o c c u r  w i t h i n  t h e  .5  t o  50 c p s  r a n g e .  Wi th in  t h i s  r a n g e  t h e  human 
body r e s p o n d s  as a complex system o f  masses, e l a s t i c i t i e s ,  and 
dampers h a v i n g  lumped p a r a m e t e r s  (See  F i g u r e  5 . 5 - 3 ) .  Above 50 
c p s ,  i t  i s  more a p p r o p r i a t e  t o  regard t h e  body as a c o n t i n u o u s  
v i s c o u s - e l a s t i c  medium f o r  v i b r a t i o n  a p p l i e d  t o  t h e  s u r f a c e  o f  
t h e  body.  Below 0 . 5  c p s  v i b r a t i o n  i s  e x p e r i e n c e d  as s i n g l e  j o l t s  
and as s u c h ,  i s  s i m i l a r  t o  l i n e a r  a c c e l e r a t i o n s  (See  S e c t i o n  5 . 3 ) .  

e x p r e s s e d  i n  i n c h e s  or c e n t i m e t e r s ,  i s  d e f i n e d  as t h e  maximum 
hal f -wave  d i s p l a c e m e n t  ( s i n g l e  a m p l i t u d e )  or f u l l  wave ( d o u b l e  
a m p l i t u d e ) .  

2 . )  D i sp lacemen t ,  or a m p l i t u d e ,  which i s  u s u a l l y  

3 . )  V e l o c i t y ,  i n  i n c h e s / s e c o n d ,  i s  t h e  f i r s t  d e r i v a -  
t i v e  o f  a m p l i t u d e  and o r d i n a r i l y  i s  n o t  u s e d  i n  d e s c r i b i n g  t h e  
e f f e c t s  o f - v i b r a t i o n  on t h e  human body. 

e 

4. ) A c c e l e r a t i o n ,  i n  i n c h e s / s e c o n d L  , i s  t h e  second  
d e r i v a t i v e  of  a m p l i t u d e ,  and o r d i n a r i l y  i s  e x p r e s s e d  i n  maximum o r  
peak  g, i . e .  : 

Chambers, A.N., Human S tanda rds  f o r  Manned Space  F l i g h t ;  
S e c t i o n  5 . 5  V i b r a t i o n ,  Bellcomm Working P a p e r s  , December 1 9 6 6 .  
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I '  : '. . . r l l  :.NO 1 H E I R  E X H A U S T S  
... 1 -  - (  - I  h ., .iNI I tOIORS'  HARMONIC SPECTRA 

k S C R E W 5  'JOPltX SPECTRA ( A E R O D Y N A M I C  NOISE ) 

PURE JET F'ROPULSION ( T U R B O J E T S )  
PERIODIC J E T  P R O P U L S I O N ,  R A M J E T S  AND A O C K E I S  L 

'(b) INTERACTIONS BETWEEN AIRCRAFT AND i HE ATMOSF'HEHI 
: 
1 METEOROLOGICAL T U R B U L E N C E  ( " G U S i 3 " )  I 

- . _- . .. . . .. 

AERODYNAMIC ( B O U N D A R Y  L A Y E R )  NOISE AT HIGH 1 A t>* 

AIRCRAFT STRUCTURAL VIBRATION EXCITED BY 
TURBULENCE 

iNCLUDlNG R E S m N S E S . . I Q  A f t., .-I- 

t I N D I C A T E D  A IR  S P E E D  
t A U T O M A T I C  F L I G H T  CONTROL S Y S T E M S  

F i g u r e  5 .5-2 :  P r i n c i p a l  s o u r c e s  of sound and v i b r a t i o n  i n  
a v i a t i o n .  The c o n t r i b u t i o n s  made by a i r c r a f t  p r o p u l s i v e  
s y s t e m s ,  and by i n t e r a c t i o n s  between a i r c r a f t  and t h e  a tmosphe re .  
( T o  be r e v i s e d  t o  show s p a c e c r a f t  r e l a t e d  sound and  v i b r a t i o n . )  

f$ cps ( D I E C K M A N N ,  
1957) 

I I UPPER TORSO A R M -  S H O U L D E R (  &j-$lp: ~~ 

T H O R A X - A B D O M E N  
S Y S T E M  

( S I M P L I F I E D )  

S Y S T E M  

S T I F F  E L A S T I C I T Y  
O F  S P I N A L  C O L U M N  f o 2 ,  3 cos  

1, CL 5 cps 

fOI % 5 CPS 

F O R C E  A P P L I E D  TO 
S I T T I N G  S U B J E C T  

F O R C E  A P P L I E D  TO 
STANDING SUBJECT 

fol% Scpr : f e z %  l l c p r  

F i g u r e  5.5-3: Model o f  t h e  Dynamic Mechanica l  P r o p e r t i e s  
01' t h e  Human Body (Coermann, R .  R . ,  e t  a l ,  The P a s s i v e  
Dynamic Mechanica l  P r o p e r t i e s  of  t h e  Human 'l'horax-Abdomen 
Sys tem and t h e  Whole Body System, Aerospace Med ic ine ,  J u n e  1 9 6 0 ,  
P P .  4 4 3  - 455) .  
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The l a c k  of  r i g i d i t y  of  t h e  human body makes measurement o f  
p a r t i c l e  a c c e l e r a t i o n  p r e f e r a b l e  t o  d i s p l a c e m e n t  or v e l o c i t y  
(Goldman, D .  E . ,  E f f e c t s  of  V i b r a t i o n  on Men, i n  Harr i s ,  C .  M . ,  
E d . ,  Handbook o f  Noise  Control, 1 9 5 7 ) .  .A nomograph i s  p r o v i d e d  
i n  F i g u r e  5.5-4 f o r  c o n v e r t i n g  f r e q u e n c y  and a m p l i t u d e  t o  
a c c e l e r a t i o n .  

5.) Jolt, i n  i n c h e s / s e c o n d 3 ,  i s  t h e  t h i r d  
d e r i v a t i v e  of  a m p l i t u d e  a n d ,  as n o t e d  p r e v i o u s l y ,  most of  t h e  
e f f e c t s  can b e  t r e a t e d  as l i n e a r  a c c l e r a t i o n s .  

6 . )  D u r a t i o n  o f  v i b r a t i o n ,  i n  s e c o n d s ,  m i n u t e s ,  
or l o n g e r  t i m e  u n i t s ,  i s  i m p o r t a n t  i n  e s t a b l i s h i n g  t h e  e f f e c t s  
of  v i b r a t i o n .  T h i s  i n c l u d e s  s h o r t  term e x p o s u r e s ,  l o n g  t e r m  
exposures  ( o v e r  1 h o u r )  - f o r  which t h e r e  i s  v e r y  l i t t l e  r e s e a r c h  
da t a  - and r e p e a t e d  e x p o s u r e s .  

7 . )  With r e s p e c t  t o  t h e  s p e c t r a l  c h a r a c t e r i s t i c s  
o f  v i b r a t i o n ,  i t  may b e  c l a s s i f i e d  a s :  

( a . )  S i n u s i o d a l  when composed o f  a s i n g l e  wave; 

( b . )  Complex when composed o f  two o r  more 
s i n u s i o d a l  waves; and 

( e . )  Non-per iodic  which may approach  
randomness when composed o f  waves which do n o t  repea t  sys tema-  
t i c a l l y .  Random, o r  semirandom waves a re  u s u a l l y  c h a r a c t e r i z e d  
i n  t e r m s  o f  a power d e n s i t y  c u r v e  (PSD)  which i s  d e r i v e d  from t h e  
f r equency  bands t h a t  c h a r a c t e r i z e  t h e  random v i b r a t i o n s .  

to and w i t h i n  t h e  human body i s  dependent  on t h e  f o l l o w i n g :  
e .  The t r a n s m i s s i o n  o f  v i b r a t i o n  ( i . e . ,  f o r c e d  v i b r a t i o n )  

1.) D i r e c t i o n  o f  a p p l i c a t i o n  o f  v i b r a t i o n  to t h e  
human body which i n c l u d e s  any ,  o r  any combina t ion  o f  t h e  a x e s  o f  
t h e  body ( see  F i g u r e  5.5-5 f o r  d e f i n i t i o n s ) .  Most v i b r a t i o n  
r e s e a r c h  has been c o n f i n e d  t o  t h e  l o n g i t u d i n a l  a x i s  ( Z )  o f  t h e  
body,  s i n c e  t h i s  has  been t h e  most common c o n d i t i o n  i n  most 
v e h i c l e s .  However, i n  s p a c e  v e h i c l e s  much o f  t h e  v i b r a t i o n  can  
be  expec ted  t o  o c c u r  i n  t h e  d i r e c t i o n  o f  t h e  f o r e - a f t  (X) a x i s  
o f  t h e  body. 

2 . )  P o i n t  o f  a p p l i c a t i o n  o f  v i b r a t i o n  t o  t h e  human 

. s e a t s  (when sub . iec t  i s  s e a t e d ) ,  t h r o u g h  t h e  f e e t  (when s t a n d i n g ) ,  
body w h i c h  i n c l u d e s  whole body v i b r a t i o n  t r a n s m i t t e d  t h r o u g h  

t h r o u g h  t h e  l e n i t h  o f  t h e  body-  (when G e e l i n i n g )  , o r  c o m b i n a t i o n s  
o f  t h e s e .  Also, v i b r a t i o n  may b e  t r a n s m i t t e d  v i a  a body p a r t  
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Figure 5.5-4:  
and acceleration-amplitude for sinusoidal vibration. 
of use: to determine the acceleration-amplitude of a vibration 
of 6 c /s  at 1 in. (half-wave) amplitude (i.e., 2 in. peak-to-peak), 
lay a straight-edge across the chart joining 6 c/s with 1 in. 
amplitude. Answer: the acceleration-amplitude is 4 g (approxi- 
mately). 

Nomogram of frequency, displacement-amplitude 
Example 
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such  as t h e  hand (when h o l d i n g  a v i b r a t i n g  c o n t r o l ) .  V i b r a t i o n  
o f  i n s t r u m e n t s  may a l s o  be  i n c l u d e d  i n  t h e  l a t e r  c a t e g o r y  s i n c e  
i t s  e f f e c t s  a re  p r i m a r i l y  conf ined  t o  t h e  e y e s .  

3 . )  P o s i t i o n  o f  t h e  body a l s o  d e t e r m i n e s  t h e  
e f f e c t s  of  v i b r a t i o n  on t h e  body and  i s  r e l a t e d  t o  t h e  p o i n t  
o f  a p p l i c a t i o n .  E f f e c t s  a r e  d i f f e r e n t  depend ing  on whether  t h e  
p e r s o n  i s  sea ted ,  s t a n d i n g ,  r e c l i n i n g ,  p r o n e ,  s u p i n e ,  or c rouched .  

4 . )  M a t e r i a l s  i n t e r p o s e d  between t h e  body and s o u r c e  
o f  v i b r a t i o n  e f f e c t s  t r a n s m i s s i o n  o f  v i b r a t i o n  t o  t h e  body. T h i s  
i n c l u d e s  t h e  e f f e c t s  o f  padd ing  on s ea t s ,  s p r i n g  moun t ings ,  e t c .  

5 . )  R e s t r a i n t  of t h e  body may a t t e n u a t e  o r  i n c r e a s e  
t h e  e f f e c t s  of  v i b r a t i o n  depending on t h e  f r e q u e n c y  and a m p l i t u d e .  
T h i s  i n c l u d e s  t h e  r e s t r a i n t  of t h e  p e r s o n  by seat b e l t s  and 
h a r n e s s e s  a g a i n s t  a v i b r a t i n g  s e a t ,  s u p p o r t  f o r  t h e  arm i n  
o p e r a t i n g  a c o n t r o l ,  wea r ing  of  g i r d l e s  (which  r e s t r a i n  t h e  
abdominal  r e g i o n ) ,  e t c .  

may a l s o  enhance  or r e d u c e  v i b r a t i o n  and v i b r a t i o n  e f f e c t s .  The 
p r e s e n c e  o f  a c c e l e r a t i o n  f o r c e s  ( e . g . ,  l i n e a r  tGZ), r e d u c e d  
g r a v i t a t i o n ,  and w e i g h t l e s s n e s s  can  b e  e x p e c t e d  t o  a f f e c t  t h e  
t r a n s m i s s i o n  c h a r a c t e r i s t i c s  (See S e c t i o n  5 . 5 . 1 . 2 . 3 ) .  

6 . )  I n t e r a c t i o n  w i t h  o t h e r  e n v i r o n m e n t a l  va r i ab le s  

d .  The t r a n s m i s s i o n  of v i b r a t i o n  w i t h i n  t h e  human body 
i s  dependen t  on t h e  f o l l o w i n g :  

1.) Body s i z e ,  b u i l d ,  and we igh t  w i t h  g r e a t e r  
a t t e n u a t i o n  w i t h  l a rge r  masses  and d e n s i t i e s .  

2 . )  P o s t u r e ,  whether e r e c t  or slumped; and 

3 . )  Muscular  t e n s i o n ,  which i s  n o t i c e a b l y  a f f e c t e d  
by f a t i g u e  r e s u l t i n g  from p ro longed  v i b r a t i o n  ( H o r n i c k ,  1 9 6 2 ) .  

e .  The r e s p o n s e  o f  t h e  human body,  which es tab l i shes  
t h e  c r i t e r i a  f o r  t h e  s t a n d a r d s  ( S e c t i o n  5 . 5 . 3 )  can  be  c o n s i d e r e d  
unde r  t h e  h e a d i n g s  of p h y s i c a l ,  p h y s i o l o g i c a l ,  pe r fo rmance ,  and 
p a t h o l o g i c a l .  O f  these ,  t h e  p h y s i c a l  r e s p o n s e s  ( e . g . ,  r e s o n a n c e  
which c a u s e s  d i s c o m f o r t  and p a i n )  e s t a b l i s h  most o f  t h e  phys io -  
l o g i c a l  t o l e r a n c e  l i m i t s  t o  v i b r a t i o n .  Xach o f  t hese  r e s p o n s e  
c a t e g o r i e s  w i l l  be d e s c r i b e d  i n  some d e t a i l .  
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1.) 'The p h y s i c a l  r e s p o n s e s  o f  t h e  body, as n o t e d  
above ,  a r e  p r i m a r i l y  t n e  r e s u l t  of t h e  bzdy a c t i n g  as a complex 
s y s t e m  o f  masses, e l a s t i c i t i e s ,  and dampers i n  t h e  low f r e q u e n c y  
r a n g e  ( i . e .  , up t o  50  d p s . ) .  (See  F i g u r e  5 . 5 - 6 . )  The impedance 
o f  t h e  body and i t s  p a r t s  and o r g a n s  darrp v i b r a t i o n  o v e r  c e r t a i n  
f r equency /ampl i tude  r a n g e s ;  f o r  c e r t a i n  o t h e r  f r e q u e n c y / a m p l i t u d e  
r a n g e s  t h e r e  a r e  r e s o n a n c e s  which a m p l i f y  t h e  v i b r a t i o n  w i t h i n  
v a r i o u s  p o r t i o n s  o r  a l l  o f  t h e  body. T h e  human body i s  c o n s i d e r e d  
t o  have a n a t u r a l  r e s o n a n c e  between 4 and b c p s .  The impedance 
and r e sonance  o f  t h e  body and i t s  pa r t s  i n f l u e n c e s  t h e  
t r a n s m i s s i o n  c h a r a c t e r i s t i c s  o f  t h e  v i b r a t i o n  t h r o u g h  t h e  body 
and i t s  p a r t s .  

F i g u r e  5.5-7 i l l u s t r a t e s  some o f  t hese  r e s p o n s e s  
t o  v e r t i c a l  s i n u s i o d a l  v i b r a t i o n .  The s u b j e c t i v e  r e s p o n s e s  o f  
t h e  s u b j e c t s  r a n g e  from t h e  p e r c e p t i o n  of  f e e l i n g  t o  p a i n  and a re  
t h e  pr imary  s e n s a t i o n s  c o r r e l a t e d  w i t h  t h e  p h y s i c a l  r e s p o n s e  o f  
t h e  body. Most t o l e r a n c e  c r i t e r i a  are  based on t h e s e  s u b j e c t i v e  
r e s p o n s e s .  T e s t i n g  t o  t h e  p o i n t  o f  s e r i o u s  p h y s i c a l  o r  p h y s i o -  
l o g i c a l  damage t o  t h e  body i s ,  o f  c o u r s e ,  u n a c c e p t a b l e  f o r  human 
s u b j e c t s .  Presumably ,  t h e  t h r e s h o l d  f o r  p a i n  i s  below t h a t  f o r  
t rauma . 

For t r a n s v e r s e  v i b r a t i o n  i n  t h e  f o r e - a f t  
d i r e c t i o n  o f  a seated s u b j e c t ,  t h e r e  i s  a s h e a r i n g  f o r c e  a p p l i e d  
t o  t h e  b u t t o c k s .  ( G i l l i e s ,  A Textbook o f  A v i a t i o n  P h y s i o l o g y :  
1 9 6 5 . )  A low-frequency r e s o n a n c e  o c c u r s  due  t o  f l e x i o n  o f  t h e  
lumbo-dorsal  s p i n e  a n d ,  i n  f o r e - a n d - a f t  v i b r a t i o n ,  a r t i c u l a t i o n  
a t  t h e  h i p  j o i n t s .  Von Bekesy ( 1 9 3 9 )  r e c o r d e d  a l a t e r a l  bend ing  
mode a t  1 . 6  c / s .  More r e c e n t l y ,  maxima i n  h o r i z o n t a l  s e a t - t o - h e a d  
t r a n s m i s s i b i l i t y  have been  r e p o r t e d  i n  t h e  r a n g e  1 . 5  t o  2 . 5  
c / s  (Dieckmann, 195813; Hornick  e t  a l . ,  1 9 6 1 ) .  Resonance n e a r  
2 c / s  i s  t h e  dominant mode i n  h o r i z o n t a l  v i b r a t i o n  o f  t h e  
s e a t e d  man. I f  t h e  sea ted  s u b j e c t  i s  v i b r a t e d  i n  more t h a n  one 
p l a n e  s i m u l t a n e o u s l y ,  h i s  p h y s i c a l  r e s p o n s e  and s u b j e c t i v e  
a p p r e c i a t i o n  o f  t h e  mot ion  depend upon t h e  a m p l i t u d e  and p h a s e  
r e l a t i o n s h i p s  between t h e  component v i b r a t i o n s .  If a s u b j e c t  
i s  exposed t o  s i m u l t a n e o u s  v e r t i c a l  and h o r i z o n t a l  ( f o r e - a n d - a f t )  
v i b r a t i o n s  o f  e q u a l  f r e q u e n c y  and a m p l i t u d e ,  such  as a re  expe r -  
i e n c e d  i n  a h e l i c o p t e r ,  a c i r c u l a r  mo t ion  of  t h e  sea t  may be  

It has been d e m o n s t r a t e d  t h a t ,  i f  t h e  d i r e c t i o n  of  c i r c u l a r  
mo t ion  o f  t h e  seat i s  backward-running ( l . e . ,  a n t i - c l o c k w i s e  as 
viewed from t h e  r i g h t ) ,  t h e  s u b j e c t ' s  p h y s i c a l  and s u b j e c t i v e  
r e s p o n s e s  are e s s e n t i a l l y  t h o s e  c h a r a c t e r i s t i c  o f  h o r i z o n t a l  
e x c i t a t i o n ;  b u t ,  i f  t h e  c i r c u l a r  mo t ion  i s  fo rward - runn ing ,  t h e  
r e s p o n s e  resembles t h a t  t o  v e r t i c a l  v i b r a t i o n .  

pr.ud-uced b3- - . - : 4 - n k l ~  n h q m i n n  a u L b a U L G  r L l u u - r r -  sf t h e  t ~ o  v i h y a t i  ons ( G r a n t  1 9 6 1 ) .  
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Figure 5.5-6a: Impedance of the Human Body. The median and the 
twentieth and eightieth percentiles of the impedance of five 
different subjects as compared with the impedance of a single 
mass-spring system and a pure mass system (mu). (After R. R. 
Coermann, et al., The Passive Dynamic Mechanical Properties of 
the Human Thorax-Abdomen System and of the Whole Body System, 
Aerospace Medicine, Vol. 31, June 1960, pp. 443-455.) 
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Figure 5.5-6b: Impedance of the Human Body. The mechanical 
impedance of one subject s i t t i n g  ana standing in variea postures 
and with varied supports. (After R. R. Coermann, et al., The 
Passive Dynamic Mechanical Properties of the Human Thorax-Abdomen 
System and of the Whole Body System, Aerospace Medicine, Vol. 31, 
June 1960, pp. 443-455.) 
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Figure 5.5-7a: 
The transmission of vibrations from the shake table to the 
head of one subject with varied postures. (After E. B. Magid 
and R. R. Coermann, The Reaction of the Human Body to Extreme 
Vibrations, Proc. Inst. Environmental S c i . ,  1960, p. 135.) 

Transmission of Vibration in the Human Body. 
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Figure 5.5-7b: 
Relative body displacements of one subject sitting erect during 
vertical vibration. (After E. B. Magid and R. R. Coermann, 
The Reaction of the Human Body to Extreme Vibrations, Proc. 
Inst. Environmental Sci., 1960, p .  135.) 

Transmission of Vibration in the Human Body. 
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Figure 5.5-7c, Continued: Abdomen-wall displacement, thorax 
expansion, and oscillating air volume of a human subject (supine 
position, shaken horizontally). (After R. R. Coermann, et al., 
The Passive Dynamic Mechanical Properties of the Human Thorax- 
Abdomen System and'of the Whole Body System, Aerospace Medicine, 
Vol. 31, June 1960, pp. 443-455.) 
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Figure 5.5-7d, Continued: Thorax expansion and oscillating 
air volume of a human subject with envelope around abdomen 
(supine position, shaken horizontally). (After R. R. Coermann, 
et al., The Passive Dynamic Mechanical Properties of the 
Human Thorax-Abdomen System and of the Whole Body System, 
Aerospace Medicine, Vol. 31,  June 1 9 b 0 ,  pp. 443-455.) 
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2 . )  The  e f f e c t s  on t h e  p h y s i o l o g i c a l  f u n c t i o n i n g  
o f  t h e  body may be c o n s i d e r e d  i n  two c a t e g o r i e s :  a )  t h o s e  
changes  which a re  d i r e c t l y  a t t r i b u t a b l e  t o  t h e  d i f f e r e n t i a l  
v i b r a t o r y  movement o r  de fo rma t ion  o f  p a r t i c u l a r  body s t r u c t u r e s  
and are p r i m a r i l y  f r e q u e n c y  dependen t ;  and b )  g e n e r a l i z e d  
r e s p o n s e s  t o  v i b r a t i o n  as a n o n - s p e c i f i c  s t r e s s  and  a re  more 
dependen t  on magni tude  and d u r a t i o n .  

The p h y s i o l o g i c a l  f u n c t i o n s  which r e s p o n d  
p r i m a r i l y  t o  v i b r a t i o n  i n c l u d e :  

a . )  C a r d i o v a s c u l a r  f u n c t i o n s  t h r o u g h  changes  
i n  b l o o d  p r e s s u r e ,  e l e c t r o c a r d i o g r a p h i c  o u t p u t s ,  and b l o o d  c e l l  
c o u n t s .  

b .  ) R e s p i r a t o r y  f u n c t i o n s  t h r o u g h  changes  
i n  t i d a l  volumes,  r a t e s ,  and v a l s a l s a  r e s p o n s e .  

c . )  Me tabo l i c  b a l a n c e s  t h r o u g h  i n c r e a s e d  r a t e s .  

d . )  Endocr ine  f u n c t i o n i n g ,  which a p p e a r s  t o  
e f f e c t  changes  i n  f u n c t i o n i n g  and s h o r t e n i n g  o f  l i f e  ( b a s e d  on 
a n i m a l  s t u d i e s ) .  

e . )  N e u r o l o g i c a l  f u n c t i o n i n g ,  i n c l u d i n g  t h e  
p e r c e p t i o n  o f  v i b r a t i o n  and  r e g u l a t i o n  o f  p o s t u r e .  

3 . )  The e f f e c t s  on pe r fo rmance  may be c o n s i d e r e d  
as a )  d i r e c t  mechan ica l  i n t e r f e r e n c e s  w i t h  pe r fo rmance ,  o r  b )  
i n d i r e c t  e f f e c t s  r e s u l t i n g  from p h y s i o l o g i c a l  a l t e r a t i o n s .  Some 
o f  t h e  t y p e s  o f  pe r fo rmance  which a r e  s i g n i f i c a n t l y  a f f e c t e d  by 
v i b r a t i o n  i n c l u d e :  

a . )  V i s u a l  t asks ,  i n c l u d i n g  r e d u c t i o n  i n  
v i s u a l  a c u i t y  and i n c r e a s e d  eye  movements. D i r e c t  e f f e c t s  a re  
p r i m a r i l y  mechan ica l  ( r e s o n a n c e )  f o r  c e r t a i n  g - v e c t o r  and f r e q u e n c y  
c o m b i n a t i o n s ;  i n d i r e c t  i n c l u d e  p a i n  f o r  o t h e r  g - v e c t o r / f r e q u e n c y  
c o m b i n a t i o n s .  

b . )  V i g i l a n c e ,  c o n c e n t r a t i o n ,  and r e a c t i o n  
t i m e ,  a l l  of which are a d v e r s e l y  a f f e c t e d .  

c . )  Body e q u i l i b r i u m ,  i n c r e a s e s  t h e  d i f f i c u l t y  
of  m a i n t a i n i n g  body p o s t u r e  and p o s i t i o n .  

d . )  S imple  motor  t a sks ,  s u c h  as o p e r a t i o n  o f  
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s w i t c h e s ,  i n c r e a s e s  r e s p o n s e  t i m e  and  number o f  e r r o r s .  

e . )  Complex motor  t a sks ,  such  as t r a c k i n g ,  
Yeduces a c c u r a c y .  

f . )  Speech i n c r e a s e s  d i f f i c u l t y  o f  a r t i -  
I c u l a t i o n  and makes s p e e c h  l e s s  i n t e l l i g i b l e .  

4 . )  The p a t h o l o g i c a l  r e s p o n s e s  i n c l u d e  b o t h  
t r a u m a t i c  and l e t h a l  e f f e c t s  from whole body v i b r a t i o n  and 
disease produced by  hand h e l d  t o o l s .  


